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JOHN NEWPORT LANGLEY IN MEMORIAM 

On October 31st, Professor Langley, after giving an early lecture to a 
large class of students and after exa mi ning tbe results of a long experi- 
ment done on tbe previous day, became un\rell Pneumoma followed, 
and be died at his borne on November 5tb He bad been controller and 
editor of this Journal smce 1894, and it is fitting that an account of bis 
life and work should appear m these pages 

JoKX Newport Laxglev was born at Newbury in 1852, tbe second 
son of John Langley, a pnvate schoolmaster, and of Mary, eldest daughter 
of Eichard Groom, assistant secretary to tbe Tax Office, Somerset House 
He was educated at home and at tbe Exeter Grammar School, of which 
bis unde, tbe Eev H Newport, was Head Master He entered St John’s 
College, Cambridge, in October, 1871 During bis first five terms be read 
mathematics, to which be added constitutional history and other hterary 
sub]ectSj with the intention of competing later for a place m the Civil 
Service, at home or m India Among his chief fnends of his own year m 
College were E F Scott, now Sir Eobert Scott, Master of St John’s, 
Jlilnes Marshall, who became Professor of Zoology m Owens College, 
Manchester, and C T Clough, who later pmed the Geological Survey 
of Scotland 

Durmg his second year he changed his plans and gave up other 
subjects to read Natural Science This was due m part, no doubt, to the 
growmg influence of these fnends of his, but he was drawn that way 
chiefly because he then first came mto contact with Dr Michael Foster, 
who as Fellow, and Praelector of Physiology, of Tnmty College, was at 
that time conductmg classes m Elementary Biology, Embryology and 
Physiology m a small room lent by the Umversity and furnished by 
Trmity College Langlev first attended Foster’s lectures and practical 
classes m May, 1873 Teacher and subject alike held him, and from that 
month until his last days, without any break or important pause and 
without leaving Cambndge, he gave all his workmg hfe to the service of 
physiologv 

Foster himself, then 37 years of age, had only four years before been 
brought by Tnmty CoUege to Cambndge from Umversity CoUege, 
London He became the first Professor of Physiology m the Umversity 
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m 1883 and 'was well known m wider circles later as Sir Michael Foster, 
Secretary of the Royal Society, founder and first editor of this Journal, 
and a pnme mover, too, in the foundation both of the Physiological 
Society and of the International Congress of Physiologists The story of 
his life has been well told in this J oumal by Langley himself m the number 
for March, 1907, vol xxxv At the time when Langley first entered his 
class, Foster was already showmg his powers of attractmg and selectmg 
the best recrmts for biological science from among men of most divers 
kinds and origins — powers which seem so astonishing when their far- 
reaching results are seen m retrospect, yet not so astomslung to those 
who can vividly recall the personal charm, the humour and the shrewd- 
ness of Foster himself, and the reflection of all these m his presentment 
of any subject 

More than twenty years later Foster wrote of his meetmg Langley, 
“From the very first I marked hmi, as a man of whom somethmg was 
to be made ” Langley himself, forty years after those early days, wrote 
that “ Foster led a considerable number of his early pupds to a scientific 
career He fiust aroused an interest m scientific problems and then, 
sometimes gradually, sometimes suddenly, suggested that there was no 
better course in hfe than that of trymg to solve them ” So far as Langley 
was concerned it seems clear that the change from an and mixture of 
lecture room mathematics and history to the hvmg reahties expounded 
by Foster brought not only new direction but new energy In the foUow- 
mg year he was elected to a Foundation Scholarship at St John’s, and m 
December, 1874, he was placed m the First Class of the Natural Sciences 
Tnpos, together with his fnends Miines Marshall and Clough of St John’s, 
and Carpenter of Tnmty, later Assistant Master at Eton He had 
already begun to help Dr NeweU Martm, then Foster’s Assistant, m the 
practical classes and m 1876, havmg taken his B A degree, he became 
Demonstrator m succession to Martm, who had left Cambridge for Balti- 
more, to be Professor m Johns Hopkins Umversity, carrymg with him to 
the Umted States many fertile seeds to which the hneage there of 
Foster’s ideals and methods may be clearly retraced In 1877 Langley 
was elected to a Fellowship at Tnmty CoUege, which had been thrown 
open to competition by men of other colleges, and Tnmty was thence- 
forward to be his home 

As Foster’s Demonstrator, from 1876 until 1884, Langley was 
responsible for the orgamsation and conduct of aU the laboratory class 
work, while the number of students m physiology was mountmg from 
muts’to scores Even before taking his degree he had begun, at 
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I'oster’s suggestion, a study of the action of jahorandi (pilocarpine) on 
the heart The results were given in his first pubhshed paper, read before 
the Cambridge Philosophical Society in April 1876 This was reprinted 
m the Studies from the Physiological Laboratory in the University of 
Cambridge for 1876, of which three parts were published, in 1873, 1876 
and 1877 Here his work appears side by side with papers by F M Bal- 
four, Milnes Marshall, Newell Martm, Dew Smith, S H Vines and 
W H Gaskell These were the chief members of that bnlhant band of 
young workers, each one of them destmed for work of endunng value, 
to which he was now jomed Those pubhshed studies, m most part 
collected from vanous Journals, appeared as edited by “ The Trmitj 
Praelector m Physiology,” under grey covers, bearmg the arms of that 
College They have mterest here because they proved to be the immediate 
forerunner of the Journal of Physiology which succeeded them in March, 
1878 It IS interestmg now, too, to note that Foster, in introducmg the 
first part of these Studies thanks the Umversity “for havmg permitted 
me, a simple College Lecturer, to occupy, at some mconvemence I fear 
to others, the two Umversity rooms m which my lectures are given, the 
practical teachmg of my class conducted and the physiological work 
earned on I have presumed on then kindness and ventured to call these 
rooms the Physiological Laboratory in the Umversity of Cambndge ” 
In these two small rooms, used both for teachmg and for histological, 
chenucal and experimental research work, began Langley’s progressive 
occupations as student, as teacher and as investigator He was destmed 
to see those rooms overcrowded and extended, to pass to a new smte of 
rooms, to see those expanded agam by large additions m 1890 mto a 
weU-eqmpped school, and to move finally from that mto the present 
Drapers’ School of Physiology m 1914 He was almost from the first 
Foster’s chief heutenant, he was to succeed him as Professor and as 
Editor of the Journal, he was to become a master mvestigator As 
Foster had seen when meetmg him as a youth of 20, he was mdeed “a 
man of whom somethmg was to be made ” 

Langley’s career was m fact settled with unusual finahty, as events 
were to show, in that May term of 1873 He then began a contmuous 
hne of work which was pursued without a gap for over fifty years up to 
the last days of hfe From it he never looked aside at all, even m the 
direction of gammg a medical qualification, nor did he ever, as years 
advanced, allow administrative or pnbhc work to take the place of new 
inquiry, or to break the thread of his researches at any pomt The 
external events of his life, therefore, are easy to teU they follow and 
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majk the tinbroken tale of his research work They may be set down at 
once m order here We have seen that m 1876 he took his degree and 
was already assistmg Foster m his practical courses of teaching In that 
year he collaborated with Foster m producmg A Course of Practical 
Elementary Physiology and Histology (MacmiUan & Co ) In 1877 he had 
been elected to a Fellowship at Tmuty College In 1884 he was appomted 
to the permanent College stafE as a Lecturer m Natural Science, and m 
the same year he became Umversity Lecturer m Histology Those posts 
he held untd 1903, when he was elected Professor of Physiology m the 
Umversity upon Foster’s resignation of the Chair, havmg served already 
as deputy Professor from 1900 From 1875 to 1900 he had lectured m 
each of three terms every year and held classes for advanced students 
m histology From 1900 for exactly another quarter of a century he 
lectured to elementary students, first as Deputy Professor, then as 
Professor, at least three days a week m every term and gave demonstra- 
tions to them, in addition to courses of advanced teachmg and m addition 
to his other work as head of a great School 

The mam achievements of Langley’s research work are farmhar to 
readers of the Journal of Physiology, and need httle here m the way 
either of descnption or comment They stand permanently in their place 
not merely as additions here and there to knowledge, but as mdispensable 
steppmg stones along which, at this pomt or that, the progress of know- 
ledge has actually made its way Each gam he made was a step placed 
securely and finally, and few mdeed of them, as the road has become 
more firmly and widely trodden by others foUowmg, have been foimd 
wrongly placed All his chief works keep, and must always keep, their 
place m the significant history of animal physiology 

The full tale of his pubbshed work is given m order below The bare 
titles of his papers and books, deployed there along the years, give the 
plamest testimony to his unwearymg, unhaltmg, service to science No 
smgle year m aU that senes, extendmg weU mgh for half a century fiom 
youth to age, appears without its contnbution of effective work 

There is a strong caU made both to heart and mind m such a review 
as this of the achieved work, when seen as a whole, of the bfe of any man 
of science Interest and mstruction are found m noting the apparent 
accidents which lead mquiry hither and thither, or m tracmg a contmmty 
either of idea or method through a long sequence of researches m widely 
vaned objective fields However it may be for other branches of science, 
it may be said with much truth that m the history of physiology the 
greater the pioneer the clearer is the fine of the continuous, if devious. 
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clue he may be seen to have fonoved. In the vork of Langley, what in 
retrospect is seen as obvions contmnity mns through aU his mam 
mqmnes from the beginning to the distant end He worked from pomt 
to pomt, as knowledge came from his own labours He was not among 
those who pass restlessly from one part of the field to another to pm 
searchers elsewhere who are findmg success 

In broad ontlme his contnbutions to physiology may be considered 
as m two mam gronps, those dealing with the mechanism of secretion 
and those establishing the mam anatomical and functional Imes of the 
antononuc nervons system The former belong to his first fifteen years of 
work, the latter to the succeeding thirty and more Chance, as it seems, 
gave the starting pomt Foster m 1874 snggested his exa minin g the 
newly mtrodnced drug jaborandi (pilocarpme) and its effects on the heart 
This he did, for frogs and for mammals This led directlr to stndy of its 
effects npon secretion, first m the sab-maxillary gland of the dog, and 
to the researches mto the physiology of secretion which followed m close 
succession until 1890 It was m this earher work that he exhibited and 
developed his sahent quahties A merely competent worker might have 
described the action of pilocarpme and then have passed, even nsefuUy, 
to the actions of similar and different drugs Langley, however, opened 
up at every pomt the physiology of secrehon, adaptmg his techmcal 
work not to convemence but to his mtellectual needs He made histo- 
logical stndies of gland structure, m activity and rest, checkmg the mter- 
pretation of the appearances of killed and stamed cells by simple, but 
most effective, direct observation of the hving gland cells These were 
correlated with the experimental nnraveHmg of the nervons influences 
upon glands, and the share m these taken by the vaso-motor phenomena 
Both sets of results were linked agam by chemical estimations of the 
changmg qnabties of the secretion The well-known steps he took and 
the variety of work done are to be traced m the titles of his snccessive 
papers Before his work the accepted view had been that of Heidenham 
that gland cells became more granular as secretion took place Langley 
showed that the reverse was true, that granules were stored np durmg 
rest, to be passed out m secretion, not onlv m the pancreas, as Kuhne 
and Leal shown, but over a wide range of glands By his stndy of 
the secretory nerves Langley moreover showed that the belief m the 
existence of special “trophic” or secretory fibres rested on evidence 
which could be explamed m terms of purely vaso-motor changes m the 

of “ immediate contemporary 
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gland circulation His results, wlietlier finally decisive or not, s till liold 
the field so far as that argument is concerned, and must m any case 
always have permanent value of their own The chief results of his work 
upon secretory glands were gathered up and mcorporated m the valuable 
article he contributed upon the “ Sahvary Glands ” to Schafer’s Text-Bool 
of Physiology, 1898 

Midway m these studies of secretion Langley had turned aside to 
make a histological report upon the bram of a dog m which Goltz had 
removed part of the cerebral cortex and which had been showm at the 
International Medical Congress of 1881 This led him on to work with 
Sherrmgton upon the degeneration of nerve-tracts after removal of the 
cortex, and later to a study (with Gnmbaum) of the degenerations in 
another dog upon which Goltz had operated 

By 1890 Langley had passed on to the next and most conspicuous 
phases of his work It was natural that the experimental studies of 
sympathetic and cramal nerve fibres to the sahvary glands should have 
led him to use the same techmcal methods m the exploration of other 
functions of those systems of nerve fibres To this two other factors 
contnbuted In the years from 1886 to 1889 GaskeU, five years semor to 
Langley, had already made his great simplification of bnngmg mto one 
system, for which he introduced the word “visceral,” not only the nerve 
fibres of the sympathetic system, which, as he showed, sprmg from the 
thoracic and upper lumbar regions, but also those from cramal or from 
sacral nerve roots AH these ahke, at least in their efferent fibres, are 
small meduUated fibres and may be considered as one system, mterrupted 
at two pomts along the axis of the central nervous system by the out- 
flows of fibres, “somatic” as opposed to “visceral,” for the arm and for 
the leg The cramal and sacral fibres were apparently alike m bemg 
antagomstic m function to the sympathetic fibres GaskeU’s generah- 
sations, fundamental and lUuimnatmg as they were, left very many 
essential pomts of anatomical and physiological importance unsettled, 
and many of these were ]ust of the kmd which Langley was already 
confrontmg m his own work and for which both his techmcal eqmpment 
and his temperament alike exactly fitted him The second factor was the 
accidental opportumty of trymg the effects of another new drug Just 
as pilocarpine had led to his studies of secretion, so now a supply of 
pitun (mcotme) put mto his hands by Professor Liversidge, gave him, as 
he soon found, a novel and potent mstrument, used as he used it, for 
nnraveUmg the structure and functions of the sympathetic and of the 
jther two parts of the “visceral” or “autonoimc” system 
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So ‘began that long senes of Avell-known studies, seen in peispectlve 
as the eye scans in a hst the titles of papers that pass in opulent procession 
through the years They deal intensively mth the details of the auto- 
nomic system for some fifteen years after 1890, and thereafter pich up 
and foILov particular hues of mqmry branching at some pomt from the 
mam stem 

There has been an occasional tendency m some iraters of recent 
years, not mdeed to behttle the value of Langley’s additions to know- 
ledge m this field, for at almost every pomt those stand unshaken and 
secure, but to represent them as countmg for not more than the comple- 
tion of the details of a scheme of which Gaskell had conceived the frame- 
work and had laid down all the fundamental prmciples GaskeU’s 
important advances m this field were made as already mentioned 
between 1886 and 1889 Thereafter he passed to his weU-known studies 
of the ongm of vertebrate animals It is true that by his work on the 
msceral nervous system, just as by his mvestigations of the heart and 
of the heart-beat, Gaskell had given a new orientation to ideas and a 
new basis for all future work But no more m the one mstance than m 
the other is it nght to suggest that the structure of later knowledge, 
built up m the case of the visceral nervous system so largely by 
Langley’s masterly skdl and tireless mdustry, lay imphcit m the 
foundations so firmly traced by Gaskell To some extent the sug- 
gestion IS based perhaps on a misreadmg of GaskeU’s own book on 
the Involuntary Nervous System, pubhshed m 1916 In this he gives a 
summary of the knowledge available at that date, foUowmg an account 
of his own early work up to 1889 , the treatment was not mtended to be 
historical and gave no occasion for diawmg distmctions between views 
justified m 1889 and those taken later As Langley himself wrote, m the 
cordial and well-informed tnbute which he paid to GaskeH’s work on his 
death (Proc Roy Soc , 1915, 88 xxxi) " Gaskeh’s work danfied the air 
It gave anatomists and physiologists a clearer view of the general 
arrangement of the efferent nerves govermng unstnated muscle and 
glands, and it directed the attention of physiologists to pomts which they 
had smgularly neglected ” IVhen Langley turned his own work m this 
direction m 1890, our knowledge of the sympathetic system, m spite of 
GaskelTs inspirmg contributions, was still in much dark confusion It 
was beheved that its efferent fibres might have one or many nerve cells, 
or none, on their course By experimental work with mcotme, by 
degeneration experiments and by histological observation, Langley 
acquired such multiphed data that we may now beheve there is one 
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nerve cell and one alone, between the central nervous system and the 
periphery for each nerve fibre The posterior root gangba were held to 
contam visceral efferent as well as sensory nerve cells, that was shown 
not to be so, and sensory and motor nerve cells were shown not to occur 
in the same gangba It was bebeved by many, especiaUy by French 
workers, that true reflex actions could be obtamed from peripheral 
gangba, Langley showed that the faets could be explamed by his “axon- 
reflexes ” By mvestigatmg the pilomotor fibres he worked out the seg- 
mental distribution of the sympathetic fibres to the skm and their relation 
to the sensory fibres of the correspondmg spinal nerves There was no 
general plan of the distribution of nerve fibres of the white rami to the 
successive gangba, and this Langley effectively made Gaskell’s fnutful 
conception of the visceral or autonomic system as a single system of 
uniform ongm, interrupted only by the bmb centres, has been modified 
essentially To the newer conception of the cramal and sacral outflows 
of visceral nerve-fibres and then- connected gangba, as belonging to a 
system, which Langley called “oro-anal,” different m origm, distnbution 
and function from the thoracico-lumbar sympathetic system, Langle/ s 
physiological analysis contnbuted m harmony with GaskeU’s later and 
chiefly morphological work These studies of the autonomic system by 
Langley, together with the earber studies of Gaskell, to which they 
provided exactly the complement reqmred, must always remam among 
the greatest of the achievements of Engbsh physiology 

Important as were the broad generabsations thus estabbshed or 
enriched by Langley’s work, tnbute must be paid to the great beauty 
and mterest of very many of the mdividual researches withm the senes 
His studies with H K Anderson, now Master of Cams, of the nervous 
and muscular mechamsms of the ms, his demonstrations of the pilo- 
motor mechanisms and their eqmvalents for the feathers of birds, his 
unraveUing, agam with Anderson, of the mtncate nervous supphes to 
the vanous pelvic organs , his proof of the general functional smiilanty 
between all efferent nerve-fibres by successful cross-umons of bulbar- 
autonomic, of sympathetic and of somatic nerves, after which each was 
shown to take on after regeneration the functions of another, of these 
or of many other researches each physiologist will make his own choice 
for special admiration 

From 1906 onwards Langley turned close attention to the mode of 
functional umon between nerve-fibre and muscle substance Here he 
gave another extension to his analytic use of drugs in expenments 
Curan and similar drugs had been generally held to exert their actions 
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upon tie last terminal irancies of tie nerve-fiiie and to be vntiout 
action on tie tissue m ■wiici tie fibre ended Langley iad sioim tiat 
nicotine stimulates penpieral nerve-ceUs after degeneration of tie pre- 
gangiomc fibres ending in tiem In tie penpieral tissues tie persistence 
of tie action of adrenaline, iriici iad been demonstrated by Levandoiv- 
sky, and by himself, after degeneration of tie sympathetic fibres, made 
its pomt of action appear tobe aiypotieticalneuro-musciilar‘']unction,” 
as Eliott iad concluded already from his vrork at tie same tune in tie 
Cambndge laboratory Langley found tiat mcotme appied directly to 
certam muscles gave a contraction bmited to tie area ]ust under or 
near the nerve-endmg, and tiat this localised contraction \ras prevented 
by curan These and other observations led him to suppose tiat tie 
region ]ust under a nerve-endmg ivhici he called tie “neural region, ’ 
IS specially excitable, probably because ‘ receptive substances ’ are 
there, or are iberated there He concluded tiat tie specific action of 
most poisons depends on the nature of tie receptive substance present, 
iviile some poisons may have m addition their oivn action upon tie 
actual end branches of tie nerve-fibre itself ffis results m this field of 
•work ate given m iis Crooman Lecture before the Eoyal Society m 1906, 
and received further development m tie years following 

In 1910 the Drapers’ Company of London offered to build a new 
School of Physiology m tie Umyersity By tiat tune tie old physio- 
logical laboratory which Foster had greatlr enlarged m 1S90 was qmte 
inadequate for the mcreasmg numbers of students, and almost ludicrously 
madequate for tie needs of tie research workbemg done m many different 
parts of physiology and biochemistry by various members of Langley’s 
staff and tieur jumors Langley gave close attention to tie design and 
eqmpment of tie new School as it was being planned by tie architect 
Sir Thomas Jackson, and his own research work at that tune, though 
active, was confined chiefly to pomts of detail He worked out, however, 
an ingemous method of blockmg given areas of tie penpieral blood 
cuculation by the mjection of starch granules of selected size, and of 
showmg the exact anatomical basis of the experimental results by sub- 
sequent staimng of the granules m sHu The new School was formally 
opened by Prmce Arthur of Connaught m June, 1914 It had been 
planned so as to share a large new lecture theatre with a future buildmg 
for Biochemistry on part of the same site, funds for this were not then 
aiailable, and lectures to the large elementarv classes contmued to be 
given at some distance awav m the large theatre of Foster’s buildmg 
Biochemistry m 1920 received a benefaction on a scale undreamed of m 
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1914 and was establislied on a larger plan and a difierent site The 
distance between tbe old lecture theatre and the new Drapers’ School 
added much to the fatigue of the elementary teachmg which Langley 
mamtamed up to the last 

The provision of this great buildmg was a fittmg recogmtion of the 
distmction and activity of the school of workers which Langley was 
leadmg, for the first time they were to have reasonable space and equip- 
ment for mvestigation, and it was with high hopes that Langley passed 
over with them to its occupation Wit hin a few weeks, however, the 
War began In coming it brought relative emptmess to the buildmg, it 
was to brmg also irreparable losses to that group of workers , but it was 
to prove to be only a postponement of hope and achievement 

Durmg the War, Langley turned his own studies mto directions 
bkely to have medical value He mvestigated m particular the changes 
m muscle after section of the motor nerves, the modes m which atrophy 
followed and the effects upon it of massage and electncal stimulation 
All his jumor colleagues were upon other forms of war service, but he 
was assisted m these, and m other studies of nervous degeneration and 
of the anatomy of nerve trunks, by vanous Japanese workers In the 
succeedmg years, as the tide of students returned after the War and 
colleagues were regamed, he turned to gathermg up and supplementmg 
his mam body of work upon the autonomic system, and he prepared his 
book The Autonomic Nervous System of which Part I was published m 
1921 This was soon translated mto both Prench and German In the 
last years he studied agam the secretory activity of skm glands, and 
published a senes of papers upon the capfilary circulation and its nervous 
control m vascular reflexes On the day before his last short illn ess he 
was engaged m a long experiment which kept him busdy and con- 
tmuously at work for six hours In this he seemed to his laboratory 
assistant, who had helped h i m for nearly forty years, to be as strenuous 
in concentrated observation and as skilful m his handiwork as at any 
time durmg that long tale of work 

Langley’s mvestigations gamed early recogmtion and many appro- 
priate honours came to him In 1883 he was elected mto the Royal 
Society, at the age of 31 In 1892 he received a Royal Medal from the 
Society He served upon the Council for two periods and was Vice- 
President m 1904-6 In 1893 he was President of the Neurological 
Society of Great Bntam He received the Baly Medal of the Royal 
College of Physicians m 1903, and m 1912 the Retains Medal of the 
Swedish Society of Physicians Honorary degrees were conferred on him 
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at Dublin, St Andre-iv’s, Groningen and Strasbourg, and be was bonorary 
member of almost every important academy of physiology or medicine 
m other countries 

In person he was of middle stature, always spare and upnght m 
figure, t rim and well-balanced m carnage He dressed well, and therefore 
mconspicuously , he followed always the newest fashion of dress, but 
after nuddle-age at the appropriate distance His photograph shows 
well the strong fines of his face, and would serve for almost any period 
m the memory of his oldest hvmg pupils, because age seemed to bnng no 
more change to his face than to his figure and step, save for a late greymg 
of his hair Yet no photograph could show his most characteristic and 
impressive feature, the steely blue-grey colour of his eyes which gave 
them a smgularly arresting quality 

He had no affectations either m the lecture theatre or the laboratory, 
he kept stnctly to the busmess m hand but showed, when fitfang, the 
same fnendhness and humour as m his ordmary social mtercouxse To 
his pupils, old or young, as to his closest fnends, he offered a kmdly 
mterest often warmed with humour, yet without aUowmg any mtimate 
touch upon a sensitive mner reserve which he instmctively mamtamed 
Save for that ultimate reserve, he stood m no way upon his digmty as 
professor, any more than m pnvate hfe, he cared for the position but 
not for the title of professor, and no man mdulged less m the soleninitv 
of office In informal demonstrations he was at his best as a teacher, and 
would show endless patience m explammg difficulties to any keen 
student, however stupid In formal lecturmg he was not so successful, 
m spite of his immense experience , he had not that touch of dramatic 
art, and he was too critical to have that selective dogmatism, which go 
together to make an effective elementary lecturer His chief and lastmg 
influence upon his pupils was by the example of his work and by direct 
precept m the techmcal directions m which he was a master craftsman 
To many of his pupils, and mdeed to very many others outside that 
circle, he gave help of another kmd , he taught them how a scientific paper 
should be written Here we come to that part of his fife’s work by which 
he gave a less direct but mestimable service to physiology both m this 
country and m others Beyond all his work as a teacher and leader m 
Cambndge and beyond his mamtamed labours as mvestigator, Langley 
undertook the heavy and unreimttmg task of editmg the Journal of 
Physiology for more than thirty years, and he so mterpreted and per- 
formed his duty m that respect as to brmg aid, seen or unseen, to other 
workers aU over the world 
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The Journal was foimded by Foster in 1878, as we have seen In 
1894: it was becoming mcreasingly in debt and was threatened with 
extmction Langley m that year arranged to pay off the debt, a consider- 
able sum, and to receive the unsold stock Thenceforward and until his 
death he owned and edited the Journal, though Foster’s name was 
retained upon the cover durmg his lifetime From the beginmng Langley 
aimed at two ideals The first was to admit nothmg that was either not 
new or not making some defimte advance m knowledge upon the strength 
of vahd evidence adequately presented The second was to economise 
space and to save the time of workers everywhere by insistmg that each 
paper admitted should be pruned of every redundancy not needed to 
satisfy that first condition To gam these two ends m the general mterest, 
he spared neither tune nor pams The remuneration he earned as owner 
of the J oumal was small recompense for his heavy labours as editor In 
the midst of the work of teachmg and research already described, work 
which would have more than filled a hfetime for most men, he bore 
contmuously this extra burden of readmg, of editonal correspondence 
and of press management His methods were never arbitrary, his judg- 
ment of papers was most conscientious and dehberate, based on wide 
knowledge of work already pubhshed, supplemented at need by that of 
his colleagues Unhke most editors, however, for him the acceptance of 
a paper meant often not the end but the beginmng of a task He thought 
it due to the Journal and to science that the paper should be cast m the 
most effective form and reduced, compatibly with that, to the least size 
This meant correction, often heavy correction, commonly suggested m 
detail by himself, and it mvolved the exchange of views with sensitive 
and sometimes uascible authors Not a few workers have been surpnsed 
to receive their paper agam m manuscript almost entuely rewritten by 
Langley Those to whom this may have come as an unwelcome shock 
were those who afterwards had most cause of gratitude to find for the 
service done them On this side of the work he often showed signal 
generosity For younger men, and especially for foreign contributors, 
he would often completely recast a paper, amend or extend references, 
revise tables, draft conclusions, and would accept no published acknow- 
ledgment With some authors he had difficulties, of course, though it is 
doubtful whether m any instance his judgment of their fadings in this 
sphere or his proposed remedy for them was shown to be faulty At 
least it may be said that if an occasional contributor was vexed, the 
immense majority were well served and grateful, whde Langley put the 
whole body of workers usmg the Journal mto his lastmg debt He made. 
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and lie now leaves, the Journal of Physiology unsurpassed m the high 
standards maintained both as to the content and as to the form of the 
papers withm it He was fortified m his difficult duties by very strong 
and impersonal feehng This could not possibly be better expressed than 
m words he used himself in the course of his address as President of the 
Physiological Section, at the Dover meetmg of the British Association 
in 1899 There he said, “ Those who have occasion to enter mto the depths 
of what IS oddly, if generously, called the hterature of a scientific subject, 
alone know the difficulty of emergmg with an unsoured disposition The 
multitudmous facts presented by each comer of Nature form m large 
part the scientific man’s burden to-day, and restnct him more and more, 
wiUy-niUy, to a narrower and narrower speciahsm But that is not the 
whole of his burden Much that he is forced to read consists of records 
of defective experiments, confused statements of results, wearisome de- 
scription of detail, and unnecessarily protracted discussion of unnecessary 
hypotheses The pubhcation of such matter is a senous mjury to the 
man of science, it absorbs the scanty funds of his hbranes, and steals 
away his poor hours of leisure ” The man of science m his defence 
against this kind of mjury has never had a more detemnned or untiring 
champion than the speaker of those words 

In spite of his contmuous mdustry m the laboratory and the special 
calls upon his time made by the Journal, Langley foimd time to touch 
life at many other pomts In his early graduate days he belonged to the 
Chit Chat Society, now extmct, of which each member m turn read a 
paper for discussion m his own rooms, and here he met men bke the 
Lytteltons, the Balfours, J K Stephen, M R James, A C Benson and 
others, on fields far from physiology For more than thirty years he was 
a member of the “Family,” a dinmg club of twelve Cambridge residents, 
of ancient and probably Jacobite ongm, which meets on alternate 
Fndays m full term He belonged also to the “Ambarum,” another 
dimng club, meetmg (until the war) alternately at Oxford and Cambridge, 
and of this the members most nearly his contemporaries were Hallam 
Tennyson, Gerald Balfour, Lord Milner, J G Butcher (now Lord Danes- 
fort), and Edmund Gosse From the early eighties untd his mamage m 
1902 he lived m a large set of rooms in Whewell’s Court, succeedmg 
Dr Lightfoot, Bishop of Durham, and here his older pupils have perhaps 
their most vivid memories of him He enjoyed givmg hospitahty, 
especiallj in small luncheon or dinner parties, he was a good judge of 
the qualities of men, manners and talk, and no less a judge of the n(»ht 
uses of food and of wme Qemal even to gaiety on those occasions,\e 
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Journ of Physiol , Tol m pp 246-268, Jam 1882 

— On the Histology of the Hammahan Gastnc Glands, and the Eelation 
of Pepsm to the Grannies of the Chief Cells J ourn of Physiol , toI m 
pp 269-291, Jan 1882 

Piehminary Account of the Structure of the Cells of the Liver, and 

the Changes irhich take place in them under Various Conditions Proc 
Eoyal Soc , voL \ pp 20-26 Rec Apnl 24, 1882 

1883 — and Evzs On certain Conditions vrhich influence the Amylolytic 
Action of Sahva Journ of Physiol , vol rv pp 18-28, Jan. 18^ 

— The Structure of the Dog’s Brain Tiro Plates, and three Figures m 
Test Journ of Physiol , vol rv pp 248-285, Dec 1883 

— Report on the Parts destroyed on the nght side of the Brain of the 
Dog operated on bv Prot Goltz Tvro Plates J oum of Physiol , vol rv 
pp 286-309, Dec 1883 

— On the Structure of Secretorv Cells, and on the Changes -which take 
place m them during Secretion. Proc Camb Philos Soc ,xol.x Nov 12, 
1683 (and /nfernot Journ Anat and Efstol , xol 1 p 69,1884) 

1884 — The Ph-vsiological Aspect of Mesmensm Proc Royal Institution, 
March, 1884 (19 pp ) 

— and ShebeEvGTos' Secondary Degeneration of Nerve Tracts fol- 
lowing Removal of the Cortex of the Cerebrum m the Dog Two Plates 
Journ of Physiol , vol v pp 49-65, June, 1884 

1885 — On the Physiology of the Sahvarv Secretion. Part m. The Paralytic 
Secretion of Sahva Journ of Physiol , xol xz pp 71-92, Apnl, 1885 
(Prehm account in Pror Royal Soc , vol x xv vm pp 212-215 Rec 
March 16, 1885 ) 


— On Vanations in the Amount and Distnbution of Fat m the laver 
Cells of the Frog Proc Royal Soc, vol x xx i v . pp 23A-238 Rec 
Sept 23, 1885 


1886 Recent Observations on Degeneration and on Nerve Tracts in the 
Spmal Cord Brain, vol rx pp 92-111, 1886 

— On the Structure of Mucous Sahvarv Glands Proc Rou Soc vol tt 
pp 362-367 Rec Apnl 14, 1886 ^ ' 


— and Edkes-s Pepsmogen and Pepsin Journ of Physiol vol wt 
pp 371-415, Nov 1886 (Prehm account Proc Physiol Soc 

1886, p XV ) 


May, 


1887 


— and WixGFiELD A Prehminary Account of 
Hypnotism Proc Physiol Soc, Mar, 1887, pp 
Physiol , vol vni ) 


some Observations 
xvu-xxiv ( J oum 


on 

o/ 


1888 — Note on ‘Secretory ’ Fibres in the S-vmnatienf 

Parotid Gland of the Dog Proc Phynol Soc Feb 1888 ^ 0 ^®^^^ 
{Journ of Physiol , \o] ix ) ’ ’ PP m-iv 


ra LXi 
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TITLES OF WORKS by J N LANGLEY 

FEBRUAEY 1875 to OCTOBER 1926 


1873 Langley On the Physiological Action of Jaborandi Proc Camb 
Philos Soc , Apnl, 1876, p 402 

1876 — The Action of Jahorandi on the Heart Tiro Figures Journ of 
Anat and Physiol , vol x pp 63-67, Oct 1876 (Prehnunary account 
Bnt Med Joum, Feb 20,1876) 

1876 — The Action of Pdocarpin on the Sub-maxillary Gland of the Dog 
Journ of Anat and Physiol , vol pp 173-180, Oct 1876 

1878 — Some Remarks on the Formation of Ferment in the Sub-maxillary 
Gland of the Rabbit One Figure Journ of Physiol , vol i pp 68-72, 
March, 1878 (and Untersuch a d physiol Inslitut d Untv Heiddberg 
Bd I p 471, 1878) 

— On the Physiology of the Sahvary Secretion Part i The Inflnenee of 
the Chorda Tympam and Sympathetic Nerves upon the Secretion of the 
Sub-maxnllary Gland of the Cat Journ of Physiol , vol i pp 96-104, 
March, 1878 (and Untersuch a d physiol Institut d Univ Heidelberg 
Bd I p 476, 1878) 

— On the Physiology of the Sahvary Secretion Part n On the Mutual 
Antagomsm of Atropm and Pilocarpm, having especial reference to their ^ 
relations in the Sub-maxillary Gland of the Cat Journ of Physiol , 
vol I pp '339-369, Sept 1878 

1879 — A Pre innin ary Account of some Phenomena of the Central Nervous 
System of the Pkog Proc Camb Philos Soc , vol m pp 232-233, 
March, 1879 

— On the Structure of Serous Glands in Rest and Activity Proc Royal 
Soc , vol XXIX pp 377-382 Rec Oct 13, 1879 (Fuller account in 
Journ of Physiol , vol n pp 261-280 TVo Plates Dec 1879 ) 

— and Seivall On the Changes m Pepsm-forming Glands during Secre- 
tion Proc Royal Soc , vol xxix pp 383-^88 Rec Oct 13, 1879 
(Puller account in Journ of Physiol , vol n pp 281-301 One Plate 
Dec 1879 ) 

1880 — On the Antagomsm of Poisons Journ of Physiol , vol rn pp 11-21, 
August, 1880 

1881 — On the Estimation of Ferment in Gland-ceUs by means of Osrmc 
Acid Proc Camb Philos Soc , vol rv pp 74-76, Peb 21, 1881 

— On the Histology and Physiology of Pepsm-forming Glands Tuo 
Plates Phil Trans Royal Soc, Part m 1881, pp 663-711 Rec 
March 11 (Abstract Proc Roy Soc , vol xxxn p 20, 1881 ) 



TITLES OF WORKS BY J N LANGLEY 


1891 Lakgley Note on the Connection 'with Nerve-Cells of the Vaso-Motor 
Nerves for the Feet Journ of Physiol , vol xn pp 375-377, Sept 1891 

^392 — On the Origin from the Spinal Cord of the Cervical and Upper 
Thoracic Sympathetic Fibres, with some Observations on fVhite and 
Grey Fanu Commumcantes Two Plates Phil Trans Royal Soc , vol 
CLSXxm pp 85—124 Fee Jan 20, 1892 (Abstract in Proc Roy Soc , 
vol L p 446, 1892 ) 

— and Anderson The Action of Nicotin on the Cikary Ganghon and 
on the Endings of the Third Cramal Nerve Journ of Physiol , xol xtn 
pp 460-468, only, 1892 

— and Anderson On the Mechamsm of the Movements of the Ins 
Fifteen Figures in Text Journ of Physiol , vol xm pp 554r-697, Oct 
1892 (Prehm Note Proc Physiol Soc , May 14, 1892, p xvm ) 

— On the Larger MeduUated Fibres of the Sympathetic System J ourn 
of Physiol , vol xm pp 786-788, Dec 1892 

1893 — Prehminary Account of the Arrangement of the Sympathetic Nervous 
System, based chiedy on Observations upon Pilo-Motor Nerves One 
Plate, and two Figures in Text Proc Royal Soc , v ol m pp 547-556 
Rec Jan 21, 1893 

— Notes on (1) an Accessory Cervical Ganghon, and the Rami of the 
Supenor Cervical Ganghon, (2) Vaso-Motor Fibres of Cervical Sympa- 
thetic, (3) Erection of Quills in the Hedgehog Proc Physiol Soc , Jan 
1893, pp i-iv (Journ of Physiol , vol xrv ) (4) Jleduilated Fibres in 
Grey Rami Proc Physiol Soc , p xu. May, 1893 (Journ of Physiol , 
vol XV ) 


— * The Arrangement of the Sympathetic Nervous System, based chiefly 
on Observations upon Pilo-Motor Nerves Three Plates Journ of 
Physiol , vol XV pp 176-244, Sept 1893 

— and Anderson On Reflex Action from Sympathetic Gangha Journ 
of Physiol , vol XVI pp 410-440, May, 1894 (Prehminary note Proc 
Physiol Soc , May, 1893 ) 


1894 and Andersox Notes on Degeneration resultmg from Section of 
Nerve Roots and Injury to the Spmal Cord Proc Physiol Soc May 
1894, pp xu, xm (Journ of Physiol , vol xvl.) 

and Anderson The Constituents of the Hypogastnc Nerves Journ 
of Physiol ,\qI xvn pp 177-191, Oct 1894 


— Further Obsen^ations on the Secretory and Yaso-Motor Fibres of the 
Foot of the Cat, with Notes on other Sympathetic Nerve Fibres Journ 
of Physiol , vol xvn pp 296-314, Oct 1894 

1896 — and Anmeson On the Innervation of the Pelvic and Adioimng 
liscera Part i The Lower Portion of the Intestine Journ of pL3 
vol xvin pp 67-105, May, 1895 oj rnysioi , 


2—2 
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TITLES OF WORKS BY J N LANGLEY 


1888 Langley On the Physiology of the Sahvaiy Secretion Part it The 
EfEect of Atropin upon the supposed Varieties of Secretory Nerve Fibres 
J oum of Physiol , vol ix pp 66-64:, August, 1888 

1889 — and Fletcher On the Secretion of Sahva, chiefly on the Secretion 
of Salts in it Phil Trans Roy Soc , vol olxxx B, pp 109-164, 1889 
Rec Aug 17, 1888 (Abstract Proc Roy Soc , vol xlv p 16, 1888 ) 

— Note on the Preservation of Mucous Granules in Secretory Cells 
Proc Physiol Soc , pp v, vi, March, 1889 (Joum Physiol , vol x ) 

— On the Physiology of the Sahvaiy Secretion Part v The EfEect of 
stimulating the Cerebral Secretory Nerves upon the Amount of Sahva 
obtamed by stimulatmg the Sympathetic Nerve Joum of Physiol , 
vol X pp 291-328, May, 1889 

— On the Histology of the Mucous SahVary Glands, and on the be 
haviour of their Mucous Constituents One Plate Journ of Physiol , 
vol X pp 433-467, Oct 1889 

— and Dickinson On the Local Paralysis of Penpheral Gangha, and 
on the Connexion of different Classes of Nerve Fibres with them Proc 
Royal Soc , vol xxvi pp 423-431 Rec Sept 7, 1889 

1890 — On the Physiology of the Sahvary Secretion Part vr Chiefly upon 
the Connection of Penpheral Nerve Cells with the Nerve Fibres which 
run to the Sub-hngual and Sub-maxillary Glands Journ of Physiol , 
vol XI pp 123-158, Jan 1890 

— and Dickinson On the Progressive Paralysis of the Different Classes 
of Nerve Cells in the Supenor Cervical Ganghon Proc Royal Soc , 
vol XLVii pp 379-390 Rec March 16, 1890 

— The Action of Nicotin on the Fresh-water Crayfish Proc Camh 
Philos Soc , vol vn pp 75-77, May, 1890 

— and Dickinson Pitun and Nicotin Journ of Physiol , vol xi 
pp 266-306, July, 1890 

— and Dickinson The Action of Vanous Poisons upon Nerve Fibres 
and Penphral Nerve Cells Journ of Physiol, vol xi pp 609-627, 
Dec 1890 

— and GrOnbaum On the Degeneration resulting from Removal of the 
Cerebral Cortex and Corpora Stnata in the Dog Two Plates Journ of 
Physiol , vol XI pp 606-628, Dec 1890 

1891 — The Innervation of the Pelvic Viscera Proc Physiol Soc, Dec 
1890, pp xxm— XXVI [Joum of Physiol , vol xn 1891) 

and Sherrington On Pilo-Motor Nerves Joum of Physiol , \ol 

xn pp 278—291, August, 1891 

On the Course and Connections of the Secretory Fibres supplying the 

Sweat Glands of the Feet of the Cat Two Plates Journ of Physiol , 
vol xn pp 347-374, Sept 1891 
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TITLES OF WORKS BY J N LANGLEY 

1900 LakqIiEY Pseudo-reflex Action in the Upper Part of the Sympathetic 
One Figure Richercke di Ftstologta e Scienze affini dedicate al Prof Lutgi 
Luciant, May, 1900, pp 2fl-26 

On Axon-reflexes in the Pre-Granghonic Fibres of the Sympathetic 

System Six Figures Journ of Physiol , 'vol xxv pp 364r-398, Aug 
1900 

— Notes on the Regneration of the Pre-Ganghomc Fibres m the Sympa- 
thetic System Journ of Physiol , vo\ xxv pp 117— 126, Aug 1900 

— Eemaiks on the Eesults of Degeneration of the Upper Thoracic 
White Eami Commumcantes, chiefly m relation to Commissural Fibres 
in the Sympathetic System Journ of Physiol , vol xxv pp 168-478, 
Nov 1900 

1901 — On the Stimulation and Paralysis of Nerve-ceUs and of Nerve- 
endings Parti Journ of Physiol , -vol xxvn pp 224-236, Oct 1901 

— Observations on the Physiological Action of Extracts of the Supra- 
renal Bodies One Figure Journ of Physiol , vol xxvn pp 237-256, 
Oct 1901 (Prehm Comm to Intern Physiol Congress ) 

1902 — Preliminary Note on the Sympathetic System of the Bird Proe 
Physiol Soc , p rxxv , Jan 18 {Journ of Physiol , vol xxvn 1902 ) 

— On the Euffling of the Feathers of the Bird (Prehm Note ) Proc 
Physiol Soc , p XIV , May 10 {Journ of Physiol , vol xxvm 1902 ) 

— The Thoracic VagMGanghon of the Bird Proc Physiol Soc,p xiv, 
May 10 {Journ of Physiol , vol xxvrn 1902 ) 

1903 — and Axdersox Observations on the Eegeneration of Nerve Fibres 
Proc Physiol Soc , p m , Dec 13,1902 {Journ of Physiol , yoI xxtx 
1903) 

~ The Autonomic Nervous System [Brain, vol xxvr Spnng, 1903 
p 1 Eight Figures m Text ) ’ 

— On the Sympathetic System of Buds and on the Muscles vrhich move 
the feathers Thirteen Figures Journ of Physiol , vol xxx nn 221- 
252, Dec 1903 ^ j . PP 

— Das Sympathische und verwandte NervSse Systeme der Wubelthiere 
(Autonomes Nervoses System ) Ergebnisee d Physiol , 2‘e Jahrn 2^ 
Abt pp 819-872, 1903 ^ 

1904 ~ and Axdersox On the Umon of the Fifth Cervical Nerve with the 
Supenor Cervical Ganglion Journ of Physiol , vol xxx pp 439-442, 



Archnio di Pmologia, 

Proc Boy Soc , vol Lxxm p 99, 1904 ) 



20 TITLES OF WORKS BY J N LAN OBEY 

1895 Langley Note on Regeneration of Pre-Ganglionic Ribres of tie Sym- 
pathetic Joum of Physiol, vol xvm pp 280-284, My, 1896 

— A Short Account of the Sympathetic System Pamphlet, 8 pp 
Issued at the Physiological Ckingress, Bern, Sept 1896 

— andANDEESON The Innervation of the Pelvic and Adjoinmg Viscera 
Part II The Bladder 71-84 Part rn The External Gfenerative 
Organs Five Figures m Text pp 86-121 Part rv The Internal Gene- 
rative Organs pp 122-130 Part v Position of the Nerve Cells on the 
Course of the Enerent Nerve Fibres pp 131-139 Joum of Physiol , 
vol XIX Dec 1896 Part vi Histological and Physiological Observa- 
tions upon the Effects of Section of the Sacral Nerves One Figure in 
Text Joum of Physiol , vol xrx pp 382-284, May, 1896 

1896 — ObservationB on the MeduUated Fibres of the Sympathetic System 
and chiefly on those of the Grey Ranoi Communicantes Joum of 
Physiol , vol XX pp 56-76, July, 1896 

— On the Nerve Cell Connection of the Splanchmc Nerve Fibres Bight 
Figures in Text Joum of Physiol , vol xx pp 223-246, Aug 1896 

— and Andeeson On the Innervation of the Pelvic and Adjoimng 
Viscera Part vn Anatomical Observations Plate m , and 16 Figures 
in Text Journ of Physiol , vol xx pp 372-406, Oct 1896 

— The Sahvary Glands (Dec 1896) Text Booh of Physiology, edited by 
E A Schafer, vol i pp 476-630, 1898 (Pentland, Edinburgh ) 

1897 — On the Regeneration of Pre-Ganghomc and of Post-Garighonic Vis- 
ceral Nerve Fibres Joum of Physwl , vol xxn pp 216-230, Nov 1897 

1898 — On the Umon of the Cramal Autonomic (Visceral) Fibres with the 
Nerve Cells of the Supenor Cervical Gaughon Six Figures Joum of 
Physiol , vol xxm pp 240-270, July, 1898 (Prehmmaiy note Proc 
Royal Soc , vol Lxn pp 331-332 Rec Jan 1898 ) 

— The Sympathetic and other Related Systems of Nerves (Aug 1898) 
Text Boot of Physiology, edited by E A Schafer, vol il pp 616-696, 
1900 

— On Inhibitory Fibres in the Vagus for the end of the Oesophagus and 
the Stomach J oum of Physiol , vol xxra pp 407-414, Dec 1898 

1899 — and Astdeeson Modification of Marchi’s Method of Staining De- 
generatmg Fibres Proc Physiol Soc , May, 1899 ( J oum of Physiol , 
voL xxrv p XXXI ) 

— Connexions of the Ganghon of the Trunk of the Vagus Proc Physiol 

Soc , May, 1899 ( J ourn of Physwl , vol xxrv p xxxu ) 

— Presidential Address to the Physiological Section of the Bnt Assoc 
(On the “Involuntary” Nervous System ) Four Figures Report of BrU 
Assoc for 1899, pp 881-892 

On Connectmg Fibres between Sympathetic Gangha and on Reflexes 

m the Sympathetic System One Figure Cinguantenaire de la Soc de 
Biol , vol Jubilaire, 1899, pp 220-226 
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TITLES OF VrOEES BY J K LAKGLET 


1908 Laxgi^t Oh tlie ContractioTi oi 'iAascle, duefiv in relation to tHe 

presence oi ‘EecephveSntstences Part n. Tinty-sii Figures Journ 

of Phy^oi , Tol 3X3T1I. pp 165-212, Ang 190S 


— On the Contraction of llnscle, chieflr in relation to the p^enre of 
‘EeceptiTe Substances ” Part nn The Reaction of Frog’s M uscle to 
;^ucotlne after Denervation. Five Figures Journ qfPAysioI ,to1 sxsxn 


pp 2S-5-S00, Sept 1903 


1909 — The Efect of Curan and of some other bodies on the Aicotine Con- 
traction of Fro^s Muscle (Prehm. Communication.) Proc P1lys^(y 
Soc , March 27, 1909 {Jourv of Physio^ vol xiivm.) 


— On Desenerative Changes in the ^ierve-endings in Stnated Muscle, 
in the Xerve Plexus of Artenes and in the Xerve Fibres of the Frog 
Joum of Physio^ , y 6L icsxrm pp 501-512, Jnlv, 1909 

— Some Remarks on Michailoiv’s account of the Course taken by 
Sympathetic Xerve Fibres Zcvtrh^ f Physio^ , Bd sxnt p 314, Ang 
1909 


— On the Contraction of Muscle, chiefiv m relation to the presence of 
Receptive Snbstances Part rv The efiect of Curan and of some other 
substances on the Xicotme response of the Sartonus and Gastrocnemius 
Muscles of the Frog Thirtv-six Fieures Journ of Physiol , vol xxsn: 
pp 235-295, Oct 1909 

1910 — The Sympathetic Innervation of the Skin of the Frog Proc Physiol 
Soc , July 9, 1910 [Joiirr of Phy’nol , xo\. xlJ) 

— and Oebeu. The Sympathetic Innervation of the Tiscera of the 
Frog Proc PhystcJ Soc , July 9, 1910 {Journ of Physiol , vol XL.) 

— Inhibitory Fibres for the Bladder m the Pelvic Xerve Antagonism 
by Curan of the Xicotme Stimulation of Xerve Cells Proc Physwl Soc, 
July 9, 1910 (Journ of Phy^^iof , -rol XL.) 

— Xote on the action of Xicotme and Curan on the recepfave substance 
of the Frogs Rectus Abdomims Muscle One Figure Proc Physiol 
So ^ , July 9 1910 (Journ of Phycio^ , xol XL.) 

and^ORBEu Observations on the Sympathetic and Sacral Anto- 
nomic fcystem of the Frog Four Fisures Joum of Phusio^ . vol XLI 
pp 450-4S2, Dec 1910 


1911 — The Onmn and Course of the Vaso-Motor Fibres of the Frog’s Poot 
Journ of Physiol , vol xnr pp 4S3.49S, Jan. 1911 


-- and Orn^ ;^o^ne Observations on the degeneration m the Sympa- 
thetic and fcacral .\utonomic Xervons Svstem of Amphibia follou^ 
^erve'^cnon Journ of Phys^o^ , xol xLn pp 113-124, March, 1911 


— The 
One Figure 
vol xui ) 


action of Salre on the Xenral and Xon-Xenral Region of Mnscle 
^ Rroc P7,y«or 50-., p mv. May 13. 1911 (Journ PhysioL 
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TITLES OF WORKS BY J N LANGLEY 


1904 Langley On the question of Commissural Fibres between Nerve cells 
having the same function and situated m the same Sympathetic Gfenghon 
and on the Function of post-ganghomc Nerve plexuses Two Figures m 
Text Joum of Phystol , vol xxxi pp 246-260, June 1904 

— and Andeeson The Umon of different lands of Nerve Fibres 
Journ of Phystol , vol xxxi pp 355-391, Aug 1904 

— and Anderson On Autogenetic Regeneration in the Nerves of the 
Limbs Joum of Phystol, v^ xxxi pp 418-428, Aug 1904 

1905 — and Magnus Some Observations on the Movements of the Intestme 
before and after degenerative section of the Mesenteric Nerves Thirteen 
Figures in Text Joum of Phystol , vol xxxirt pp 34-61, Sept 1905 

— The Autonomic Nerves Address to the Students of Medicme and 
Natural Philosophy of the Umversity of Amsterdam, June 6, 1905 
N ederlandsch Ttjdschnft voor Geneeshunde, Oct 14, 1906 

— Note on the Trophic Centre of the afferent fibres accompanying the 
Sympathetic Nerves Proc Physiol Noe, Nov 11, p xvu 1906 {Journ 
of Phystol , vol xxxm ) 

— On the Reaction of Cells and of Nerve-endings to certam poisons, 
chiefly as regards the reaction of Stnated Muscle to Nicotme and Curan 
Eight Figures in Text Joum of Phystol, vol xxxni pp 374-413, 
Dec 1905 

1906 — On Nerve-endinOT and on Special Excitable Substances in Cells 
(Crooman Lecture, Royal Society ) Proc Roy Soc , B vol Lxxvnr 
pp 170-194, 1906 

— Ueber Nervenendigungen und spezieUe rezeptive Substanzen in 
ZeUen Zentralb f Phystol Bd xx pp 290-291, 1906 

1907 — In Memonam Sir Michael Foster (With Photogravure ) Journ of 
Physiol , vol XXXV pp 233-246, 1907 

— The Influence of Expenments on Ammals on the Development of the 
Surgical Treatment of disorders of the Peripheral Nerves with special 
reference to the Operation for Facial Paralysis in Man 7 pp (Privately 
pnnted ) 1907 

— Further Observations with regard to the non-specific nature of Motor 
Nerve-endmgs and the existence of “Receptive ’ Radicles in Muscle 
Arch InCem de Phystol , T v pp 116-118, 1907 

— On the Contraction of Muscle, chiefly in relation to the presence of 
“Receptive” substances Part i Fifteen Figures in Text Journ of 
Physiol , vol XXXVI pp 347-384, Dec 1907 

— Note on a Reflex m the Dog Proc Phystol Soc , p I , May 1907 
(Joum of Physiol , vol xxxv ) 

— Effect on Nail Growth and Sensation of section of a cutaneous dimtel 
Nerve, and effect on Sensation of cocainismg a Cutaneous Nerve of the 
Foot Proc Physiol Soc , p xlv, Jan 1907 (Joum of Phystol , vol 

XXXVI ) 
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TITLES OF WORKS BY J N LANGLEY 

IFasGicMlai and Fibnllat Contraction m Tetanus Proc Physiol 
Soc,, p sxvi , May, 1916 {Journ of Physiol , vol i ) 

— Remarks on tke Cause and Nature of tke Changes ivhich occur in 
Muscle after Nerve Section Lancet, vol oxci, p 6, July 1, 1916 

— Observations on Oenervated Muscle Journ of Physiol , vol n pp 
335-344, July, 1916 

— Slow Waves of Contraction in Muscle Journ of Physiol , vol L 
pp 404r407, Dec 1916 

— The Action of Sodium Sulphocyanide on Muscle J ourn of Physiol , 
vol n pp 408^20, Dec 1916 

1917 — and M Itayaki The Oxygen use of Denervated Muscle J ourn of 
Physiol , vol LI pp 202-209, July, 1917 

— and H Hassimoto On the Suture of Separate Nerve Bundles in a 
Nerve Trunk and on Internal Nerve Plexuses J oum of Physiol , vol Li 
pp 318-346, Sept 1917 

— Observations on Denervated and on Regenerating Muscle J oum of 
Physiol , vol LI pp 377-396, Dec 1917 

1918 — On the Separate Suture of Nerves m Nerve Trunks Brit Med Journ, 
Jan 12, 1918 (Account based on paper by Hashimoto and myself so 
far as refers to man ) 

— The Efiect of Intermittent Stretching on Muscles and Nerves after 
Nerve Severance Bnt Med Journ , Feb 2, 1918 

— and H Hashimoto Observations on the Atrophy of Denervated 
Muscle Two Figures J ourn of Physiol , vol lii pp 15-69, Apnl, 
1918 

— Histological Changes in Nerve after Compression without Rupture 
of Sheaths (Prelim Commumcation ) Proc Physiol Soc , p xxvi , 
May 18, 1918 (Journ of Physiol , xo\ Ln ) 

— On the Stimulation and Paralysis of Nerve Cells and Nerve-endmgs 
Part n Paralj-sis by Curan, Strychmne and Crucine and its Antagonism 
by Nicotine Journ of Physiol , vo\ Ln pp 247-266, 1918 

— Persistence of the Central Somatic Effect of Strychnine after a large 
dose of Nicotme 1 p Proc Physiol Soc , Dec 1918 (Journ of Physid 
vol Ln ) s > 


1919 — Histologi of Nerve Regeneration and of Muscle Atrophy Proc 
Physiol Soc , Mav, p xi (Jonrii of Physiol , vol LH ) 


- On the Cause of Polar Reiennl m the Reaction of Degeneration 
One Figure Proc Physiol 6oc, June, p vs (Journ of Physiol vol t.ttt ) 


— Stimulation of cardio inhibitorv centre by Yenous Blood 
Proc Physwl Soc , Julj , p h (Journ of Physiol , liii 


One Figure 
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TITLES OF WORKS BY J N LANGLEY 


1911 Langley A Preparation for Demonstrating the Polar Stimulation of 
Muscle (persistent contraction) by the Galvamc Current Proc Phystol 
Soc , May 13, 1911 (Joxim Phystol , vol xt.tt ) 

— The Effect of Various Poisons upon the Response to Nervous Stunuh 
chiefly in relation to the Bladder Thirty-six Figures J oum of Phystol , 
vol XLin pp 125-181, Oct 20, 1911 

1912 — Observations on Vascular Reflexes chiefly m relation to the Effect 
of Strychnine Ten Figures Journ of Phystol , vol XLv pp 239-260, 
Oct 22, 1912 

1913 — The Nomenclature of the Sympathetic and of the Related Systems 
of Nerves Zentrhl f Phystol , vol xxvn pp 149-152, 1913 

— The Antagonism of Curan to Nicotine m the Gastrocnemius Muscle 
Two Figures Proc Phystol Soc, May 17, 1913 (Journ of Phystol , 
vol XLVI ) 

— Method of Abolishing the Function of Certain Parts of the Central 
Nervous System Ip Sept 1913 9th International Congress of Physio- 
logy, Groningen 

— The Protracted Contraction of Muscle caused by Nicotme and other 
substances chiefly in relation to the Rectus Abdommis Muscle of the 
Frog Twenty-one Figures Journ of Physiol , \o\ XLvn pp 159-195, 
1913 

1914 — The Antagonism of Curan and Nicotine m Skeletal Muscle Twenty- 
nine Figures Journ of Physiol ,Yo\ XLvm pp 73-108, March 31, 1914 

1916 — Obituary Notice of W H GaskeU Proc Roy Soc , B vol Lxxxvin 
pp xxvu-xxxvi , 1915 

— Note on the production of Twitching in Frog’s Muscle Proc Phystol 
Soc, pp xxix-xxxi , May, 1916 (Journ of Phystol vol xltx ) 

— and Totojtro Kato The Physiological Action of Physostigmine 
and its action on Denervated Skeletal Muscle Journ of Physiol , vol 
XLtx pp 410-431, July, 1916 

— and Toyojieo Kato The Rate of Loss of Weight in Skeletal Muscle 
after Nerve Section with some observations on the Effect of Stimulation 
and other Treatment Journ of Phystol , vol xiux pp 432-440, July, 
1916 

— Practical Physiology, 3rd edition, 1916 

1916 — Obituary Notice of Arthur Shendan Lea Proc Roy Soc , B vol 
Lxxxix pp xxv-xxvu, 1916 
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THE EFFECT OF STIMULATION OF THE VAGI 
ON THE PYLORIC REGION OF THE STOMACH 
By E D MoCEEAi ajto B A MoSWINEY 

{From the Department of Physiology, University of Manchester ) 

The course taken by tbe vagus fibres wbicb supply the pyloric region 
has not been very definitely ascertained Anatomically tbe main branches 
of the anterior and posterior vagal trunks from the oesophageal plexus 
are traceable to the region of the mcisura angularis and their termmal 
fibres supply the pyloric antrum In no instance does the anterior oi 
posterior vagal trunk send fibres as far as the pylorus canal or sphmcter 
Many observers state, however, that all the pyloric region receives its 
nerve supply from these branches The anterior vagal trunk has been 
shown to give ofi a branch, and sometimes two or three branches, to 
the hver, which communicate with sympathetic fibres and have been 
called the hepatic branch of the vagus Prom these, nerve strands 
descend to supply the pylorus and first part of the duodenum 
Latar]et(i) states that the pylorus receives its entire nerve supply, 
m man and the dog, from above and considers these strands to consist 
wholly of sympathetic fibres One of us, McCreap), has dissected the 
hepatic branch m man, dog, cat and rabbit and shown that the strands 
given off to the pylorus contam vagus fibres It seemed then desuable 
to ascertain the effects which this pyloric branch is capable of producmg 
upon the musculature of the pyloric region 

In a recent paper, McCrea, McSwiney and Stopford(3), workmg 
on the mtact stomach, have shown that stimulation of the vagi influences 
both the motor activity and “postural tonus,” the type of reaction de- 
pending on the condition of the peripheral mechanism The entogastric 
pressure was used as an mdication of the state of activity of the peripheral 
mechanism, as this was found to vary with the degree of contraction of 
the viscus on its contents In the passive organ (obtamed by starvmg 
an animal for at least 12 hours) which did not normally mamtam an 
entogastric pressure, stimulation of the nerve caused an augmentor 
response In the active stomach (obtamed by feedmg a starved animal 

^ Working for the Medical Research ConnciJ 



CONTROL OF PYLORUS 29 

tliiee toms before tbe espenment) a prebmmaxy mbibitory response 
foUoxred stimulation 

Method, Tbe experiments -n-ere made on cats and dogs Tbe animals 
■were ansstbetised -witb etber Tbe abdomen was opened by a mid-bne 
mcision extendmg downwards from tbe xypboid process Tbe abdominal 
walls were retracted and tbe abdomen filled witb warm sabne Tbe pylonc 
region was severed from tbe rest of tbe stomacb between two purse 
string sutmes, just distal to tbe mcisura angularis A short vulcanite 
tube, m some instances witb a balloon attached, was inserted into tbe 
pylonc antrum Tbe duodenum was ligated and care was taken to 
ascertam that all tbe nerves of tbe anterior vagal trun k mntung m tbe 
region of tbe lesser curvature bad been severed In some experiments 
a record of tbe movements of tbe body of tbe stomacb was also taken by 
means of a tube passed mto tbe stomacb through tbe cervical oesophagus 
The tube m the pylonc antrum was connected with a system filled with 
warm sabne A water float was used to record contractions and pressme 
vanations Tbe vagi nerves were cut m tbe neck and stimulated with 
a faradic current of difierent strengths 

Investigations were also carried out on tbe movements as seen by 
X-ray, and photographs were taken when required Tbe animals bavmg 
been amestbetised tbe stomacb was divided mto two parts and tbe vagi 
prepared as described above By means of a syrmge, tbe barium sulphate 
was introduced mto tbe pyloric region 

For observation on tbe mactive body of the stomach, food was with- 
held from the ammals for a period of not less than 12 hours before exami- 
nation, those animals, however, m which an active body of tbe stomacb 
was required, received a small meal of meat extract and mill- three hours 
before the experunent We have not been able to control tbe activity 
of the pyloric region m the same manner as tbe body Tbe operative 
technique described efiects the complete separation of the pars pylonca 
from the body of the stomach, while tbe nerve supply to tbe pylonc 
canal through the hepatic branch of tbe vagus remams mtact 

Stimulation of the peripheral end of the lagiis zn the tied 

The effect of stimulation varied accordmg to tbe condition of tbe 
pvloric antrum If mactive, tbe pylonc region was qmescent m tbe cat 
and slow spontaneous contractions were present m tbe dog In tbe active 
condition, rapid rhythmic movements were observed in the pvloms of 
tbe cat and dog 

Stimulation of tbe nerve when the region was inactive initiated 
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rliytlinuc movements m tlie pars pylonca of the cat and mcreased the 
rate of contractions m the dog (Fig 2) On the other hand, m the active 
pylorus, rhythmic movements were always inhibited (Fig 4) The move- 
ments were decreased m rate but the height of the contractions was not 
affected The diastohc mtra-pylonc pressure remamed constant 

In the cat stimulation of the vagus with moderate strength of current 
(just felt on the tongue) mitiated peristaltic waves m the pyloric region 
which spread to the duodenum The frequency of these movements was 
approximately nme to ten a mmute The contractions were of equal 
height and returned to the base, t e there was no variation m tone On 
mcreasmg the strength of the current the character of the movements 
altered (Fig 1) 



Fig 1 (1) Bhythmio pensteiltio movements, and (2) imtaation of total contractions 

on stimulation of peripheral end of left vagus 

Large rhythmic contraction now occurred at intervals of 20 to 30 
seconds On direct observation they were seen to represent a simul- 
taneous contraction of the whole pyloric region In the mtervals of these 
contractions, shallow peristaltic waves were seen, passmg along the 
pyloric canal, the average frequency bemg about eight to twelve a mmute 
This two-phase type of contraction, if established, persists throughout 
the experiment, and we have failed to re-estabhsh the origmal one-phase 
type Similar movements have been described by McCrea, McSwiney, 
Moris on and Stopford(4) m then* X-ray mvestigations of the normal 
movement of the cat’s stomach, and by Alvarez (5) m his mvestigations 
of the rabbit and cat 

In the dog, the total contraction of the pyloric region was most 
frequently obtamed, the whole pyloric region, rhythmically contracting 
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and relaxiBg at mterrals of 20 to 30 seconds The movements axe xe- 
markablv legnlax the amphtnde duration and fxequency xemammg 



Fig 2 Inactire prlonc region. Acceleration of rhvtiunie movements on 
stimulation of penplieral end of vagus nerve 


nnaltexed as long as the pressure is kept constant A strong stunulns maj 
cause a sustamed contraction the rhvthmic movements mcreasmg m 
rate and starting above the base hue ra- 


dicating s umm ation Escape may occur the 
rhvtbmic movements become slower and the 
lever returns to the base Ime (Fig 3) Oc- 
casionallv shallow peristaltic waves, similar 
to those observed m the cat occurred m the 
mtervals of the total contractions 

Distension of the pvlonc region of the 
cat ordmardy fads to mitiate movements 
whereas m the dog mcrease of content is 
usually an adequate stimulus We have 
found an optimum tension exists but if the 
walls of the pvlonc region are over distended 
bv allowmg excess of fluid to flow mto the 



viscus, the amplitude of the contractions ^ of lever from ba» 
1 , 1 , rhvthimc move 

become dimmished These results agree with ment* snpAnmpoe»d (fpasm) 

those of Ducceschi(o) on the stomach of penpheral 

, TOO oi loft va^«: nerve 

the dog in siht 


In some experiments simultaneous tracmp were taken from the bodv 
and pvlonc region isolated from one another The inactive body of the 
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starved animal sliows a motor response on stimulation of the nerve, 
rhytlimic movements were initiated and a rise of pressure occurred, 



Fig 4. (1) Rifle of pressure m body, and (2) inhibition of movements of pylono 
antrum on stimulation of peripheral end of right vagus nerve 

movements, if present, were augmented and sometimes accelerated 
(Fig 4) In the fed animal, vagal stimulation of the active body caused 
a fall of pressure and cessation of movements (Fig 5) In the pyloric 
region the effects were similar to those previously described 

In these experiments we have been able to show a complete dis- 
sociation m the response of the two regions In some mstances vagus 
stimulation caused inhibition of the cardiac end of the stomach and 
mcreased the rate of contractions m the pyloric region We have also 
obtamed the reverse effect, viz a motor effect m the body and mhibition 
of the pyloric region The experiments of McCrea, McSwiney and 
Stopford on the mtact stomach agree with these results 

X-ray observations The movements observed under X-ray and the 
response to vagal stimulation were m both the cat and dog the same as 
those previously described 

The results described above show that the nerve strands which descend 
from the hepatic branch of the vagus and run m the lesser omentum to 
the pylorus contam fibres for the pyloric canal and sphmeter These 
fibres control the augmentor and inhibitory response of this region, and 
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the nature of the response to vagal stimulation depends on the condition 
of activity of the pars pylorica The recent work of McCrea, McSwiney 



Fig 6 (1) Fall of pressure m body, and (2) inhibition of movements of pylono 
antrum on stimulation of peripheral end of right vagus nerve 


and Stopford affords evidence that the augmentor or inhibitor response 
of the stomach to nerve stimulation is controlled by the condition of the 
peripheral mechanism 

It has been shown by a number of observers that m digestion the 
movements of the greater part of the cardiac end of the stomach differ 
essentially from those of the pyloric region In the cardiac end, the con- 
tractions may be either rhythmic or tonic or both, while m the pyloric 
region the contractions are rhythmic only — peristaltic or total The 
results we have obtamed give additional evidence of this essential 
difference and it is particularly to be noted that m the pyloric region, 
stimulation of the vagi, whether it causes augmentation or inhibition of 
rhythmic movements, causes little or no variation m tone 

Co^CLUSIONS 

1 The hepatic branch of the vagus supphes and regulates the 
pyloric region 


PH I VI 


3 


32 


E D McCREA AND B A MoSWINEY 


starved animal sliows a motor response on stimulation of tlie nerve, 
rhythmic movements were initiated and a rise of pressure occurred, 



Fig 4 (1) Rise of prosauro in bodj, nnd (2) inhibition of nio\ oiiiciits of pvlono 
nntnim on atfmufntion of iioriplionil end of right \ ngiis iiorvo 

movements, if present, uere augmented and sometimes accelerated 
(Fig 4) In the fed aumial, vagal stimulation of the active body caused 
a fall of pressure nnd cessation of movements (Fig 5) In the pyloric 
region the effects wore similar to those previously described 

In these experiments ue have been able to show n complete dis- 
sociation m the response of the two regions In some mstances vagus 
stimulntiou caused mhibitiou of the cardiac end of the stomach and 
meroased the rate of contractions m the pyloric region Wo have also 
obtamed the reverse effect, viz a motor effect m the body and mhibition 
of the pyloric region The experiments of McCrea, MeSu iney nnd 
Stopfordon the mtnet stomach agree uith these results 

X-raij obscnatioiis The movements observed under X-ra}*^ nnd the 
response to vagal stmmlntioii v ere m both the cat nnd dog the same as 
those proviouslj’^ described 

The results described above sliou that the nerve strands uhicli descend 
from the hepatic branch of the vagus and run m the lesser omentum to 
the pylorus contam fibres for the pyloric canal and sphmeter These 
fibres control the nugmentor and inhibitory response of this region, and 
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2 Movements of tlie isolated pylonc region are similar to those 
observed m the pars pylonca of the mtact stomach 

3 The pyloric region does not exhibit the property of “postural 
adaptation ” 

The expenses of this investigation have been home by a grant from the (Jovemment 
Grants Committee of the Royal Society 
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subjects tad been taking legular vigorons esercise for some -rreekB before 
tbs experunent and iii^ may be called “untrained. Tbe results of 



Fig L 


these experiments are summarised in Table I Tbe “short exercise iras 
tbe vigorous stair running already described. A sample of blood was 
taken from one to five mmutes after tbe cessation of exercise and tbe 
increase of the morgamc pbospbate content of this sample above tbe 
“normal ’ value is expressed as a percentage m column “Else per cent ’ 
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Blood was drawn into a crucible containing 1 2 mg of sodium oxalate 
A little over 1 c c was collected and two estimations were done, using 
0 6 c 0 of blood for each. This slight modification of Briggs’ method 
worked very well and enabled us, when necessary, to take a large number 
of samples at short intervals Over 200 estimations were done m duph- 
oate with an average error for a smgle observation of about 1 p c from 
the mean In the later experiments samples of urme were taken at 
frequent mtervals durmg the experiments and analysed for morgamc 
phosphate, ammoma, chlorides, and m some cases for other constituents 
The phosphate was estimated by Bnggs’ method (6) The ammoma 
by a vacuum distillation method described by Stanford(6) The 
chlorides by Volhard’s method Urea was estimated by Marshall’s 
method (7) and sulphates gravimetncally A copious diuresis — 600- 
1600 c c per hour — was produced by dnnkmg large quantities of water 
In this way it was possible to obtam samples at such short mtervals as 
ten punutes, and by analysis to follow the rate of excretion of vanous 
constituents It was demonstrated byWiggle8worthandWoodrow(8), 
and 18 our expenence also, that this rate m the case of morganio phos- 
phate IS qmte mdependent of the extent of the water rate, provided 
the latter is above a certam rmnimal value (about 200 c c per hour) 
We found the same to be true of ammoma, but only approximately 
true for the other constituents mvestigated It wdl be seen, however, 
that the vanations m the rate of excretion due to the water rate were 
always insignificant compared to the variations under mvestigation 
The behaviour of phosphates durmg water diuresis will be dealt with 
more fully m a subsequent paper 

Inorganic phosphate of blood 

The typical behaviour of the blood phosphate curve m these expen- 
ments may be seen m Fig 1 A small rise took place durmg and 
immediately following the exercise reaching a ma xim u m , probably 
3-4 min utes after the running had ceased This was followed i mm ediately 
by a rapid fall well below normal which attamed its maximum value m 
about three quarters of an hour A slow recovery to normal followed 
taking two to three hours for completion. 

The typical behaviour of the rate of phosphate excretion may also 
be seen m Fig 1 A sudden great mcrease, after the period of exercise 
is followed by a certam degree of suppression. 

We publish m full the protocol of this experiment No 8 selected from 
a group of fifteen experiments on ten different subjects None of the 
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normal value and tte lowest value obtamed in any expemnent There 
IS no guarantee that samples of blood were obtamed exactly at the 
maxima and munma of the phosphate concentration curve The later 
samphng was planned, however, from knowledge of the general form 
of the phosphate curve derived from earher experiments, and it is 
nnhkely that any large errors have been mtroduced 

The figures for all the unne deternunations are summarised m 
Table II, and those for one experiment given m full m Table III In 
order to make the results more comparable the amount of each con- 
stituent excreted during the half hour immediately followmg the exercise 
has been calculated and expressed as a percentage of the amount ex- 
creted dunng a normal half hour Occasionally samples could not be 
obtamed exactly at the time desired For instance no sample of urme 
could be obtamed from H K B 0 for 7 minutes after running The 
urme secreted durmg these 7 mmutes was therefore mixed m the bladder 
with urme secreted durmg the 14 mmutes before and durmg his exer- 
cise In estimatmg the amount excreted durmg these 7 mmutes it has 
been assumed that the rate of excretion was constant over the whole 
penod This is certainly an untrue assumption and the error thns mtro- 
duced tends to dimmish the figure representmg the change m rate of 
excretion, but m most cases probably by no very great amount 

As a result of the mcreased rate of phosphate excretion a certam 
amount of phosphate has been lost by the body durmg the three quarters 
of an hour subsequent to the exercise over and above the amount 
normally excreted Because of the beaimg this has upon the fall m 
blood phosphate the amount so lost has been calculated and expressed 
m miihgiams of phosphorus m Table II (“Excess P m urme”) 

Before discussmg possible causes for the rise m blood phosphate we 
must consider eight experiments done on more prolonged exercise The 
results are summansed m Table Rf The exercise took the form of 
runnmg on the flat for 15 mmutes or longer In Exp 22 the subject 
was a member of a crew rowmg a full course on the Cam In Exps 20 
and 21 samples were taken every seven mmutes dunng half an hour’s 
runmng The results seem to mdicate a nse dunng the first 10 or 15 
minutes after which the value oscillates irregularly about the higher 
le^ el for the rest of the run, and then falls rapidly on ceasing the exercise 
The rises were, on the average, considerably higher than for the short 
exercise, giving an a^erage of 25 p c agamst 10 p c , and takmg 10 or 
15 mmutes to reach equihhnum 

Now the workers on lactic acid m the blood have observed that it is 
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Table I Tbe “normal” value ■was obtained by takmg 'the mean of 
values de'termmed on 'two samples of blood dra'wn shortly before 'the 
exercise, usually at about twenty minute mtervals In the earher ex- 
periments these two values sometimes varied considerably, the second 
normally bemg nearly always lower than the first The changes due to 
exercise were always larger than these variations, and m later experi- 
ments the difficulty was overcome by the subject’s sitting s till for at 
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per cent. 

per cent. 

jier cent. m pH 

7 

A.C. Short 

43 

604 

— 

— — 

8 

B E.H. ff 

34 

437 

— 

— — 

9 

JBSH 

46 

360 

221 

26 8 — 

10 

J J ff 

40 

330 

216 

26 6 — 

17 

B.E H. Ban IB' 

244 

340 

— 

— — 

18 

B E.H. „ 20' 

47 

628 

— 

— — 

23 

G B „ 20' 

234 

307 

— 

— — 


Tratned 





27 

H.K.B 0 Short 

266 

277 

166 

64 7 3-62 

28 

EH.F 

39 6 

300 

113 

76 68-6 1 

30 

B.HB 

26 

466 

90 

66 6 4-6 0 

A few 

determinations on sulphates and 

urea showed no very marked changes from 


normal 


least an hour before the commencement of the experiment This is a 
precaution it would be weU to take m aU further work on blood phos- 
phates The percentage fall is calculated m a similar way from the 
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and the molecnlai proportions are one ion of phosphate to about one 
hundred lactic ions This great discrepancy cannot be entirely due to 
the slower diffusion of the phosphate as even when equihbnnm is 
obtained the nse is never more than 1 5 mg of phosphorus per 100 c c 
A probable explanation is furnished by the work of Embden and 
LawaczeckO) who state that after contraction of an isolated frog’s 
muscle, a large part of the inorgamc phosphate set free was recombined 
with glycogen to form more lactacidogen A similar process assumed 
m mtact human muscles would account for the comparatively small 
hberation of phosphoric acid observed 

"We thought that the nse m blood phosphate might be due to the 
acidosis folio wmg the exercise (4) In order to test this as far as possible 
several experiments were done on the effect of a short penod of COo 
acidosis two experiments on J B S H and E. E H , lastmg 20 and 
30 mmutes respectively, a nse of 10 p c was observed m the blood phos- 
phate In two shorter experiments on the same sub]ects no significant 
mcrease was observed It is obvious that the nse of phosphate produced 
by COj acidosis is a much slower process than that produced by exercise, 
which appears immediately and seems to reach equjhbnum m about a 
quarter of an hour 6-8 per cent C 02 was breathed m these cases 

It remams possible that the mtense acidosis produced locally m the 
muscles may play a considerable part m the raismg of blood phosphate, 
but the probabihty is that the major part is produced by the break- 
down of lactacidogen 

The subsequent sudden fall below normal is more difficult to explam 
The most natural place to look for an explanation is m the direction of 
the sudden increased phosphate excretion observed immediately after 
exercise In Exp 9, as much as 45 milb grams of phosphorus m excess 
of the normal excretion was lost by the body withm three quarters of an 
hour after ru n n in g, and at first sight it seems probable that this might 
account for the sudden drop m blood phosphate There are, however, 
one or two considerations that make it unhkely that this is the sole 
cause 

In the first place the amount excreted is hardly sufficient to account 
for the drop observed In Exp 9 for instance, even if we assume that 
all the excreted phosphate comes from the blood and none from the lymph 
and tissues, the 45 mg excreted would not account for the drop observed, 
a drop m this expenraent from a maxunum of 4 6 mg P per 100 c c' 
blood to a minimum of 2 9 mg That is to say, the blood lost 1 7 mg P 
per 100 c c and assummg that J B S H has only 4 btres of blood— 
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Table HL Exp 27 H K.B O Ean stairs 9 tunes 109-116 minn 







Rate Cl 

Rate 

Rate 

Time of 



%P 

Rate 

MiUe 

urea 

sulphate 

ooUeotion 


Water 

Mg/100 

Rate P NH, 

Molfl. 

grams 

Mg 

rmriH 

Vol 

pH rate 

0 0 

lyig/hr MgN/hr per hr 

per hr 

per nr 

31 

202 

7 2 391 

27 

10 6 27 6 

21 7 

1 66 

__ 

67 

624 

7 4 1210 

0 733 

8 9 28 3 

26 0 

109 

946 

81 

618 

7 2 1270 

0840 

10 6 31 3 

29 2 

121 

96 6 

102 

226 

6 9 643 

3 28 

21 1 26 5 

12 9 

0 77 

68 2 

112 

160 

6 2 960 

9 68 

93 0 60 0 

7 7 

106 

100-8 

126 

221 

6 3 1020 

2 96 

30 2 40 0 

14 7 

1 03 

110 9 

140 

313 

6 8 1262 

1 16 

13 8 44 4 

20 0 

1 18 

117 1 

168 

398 

7 2 1324 

0 833 

11 0 27 4 

26 8 

1 07 

100 2 

177 

430 

7 0 1367 

0 867 

11 6 26 9 

30 6 

0 92 

122 8 

200 

496 

6 9 1290 

1 075 

13 9 — 

31 8 

1 06 



210 

222 

6 8 1330 

1 36 

18 1 28 5 

31 9 

108 

— 




Table TV 









Rise 


FaU 

Exp 

Subject 

State 

Exercise 

per cent 

per cent 

16 

J B S H Untrained 

Ran 13 

23 


17 

17 

EE.H 

t * 

„ 16 

29 6 


16 6 

18 

REH 

tt 

„ 20' 

36 


13 8 

19 

GA.E 

tt 

.. 8 

17 


18 

20 

B.EH. 

tf 

60 

16 


6 

21 

R.EH 


„ 35' 

13 


10 

22 

GB 

Tramed 

16' 

27 


03 

23 

GB 

Rower 

20 

39 


7 





Mean 

24 8 


11 1 



Table V Short exercise by tramed subjeote 






Rise 

Fall 





Exp 

Subject 

per cent 

jier cent 

Remarks 



24. 

GB 

5 

13 6 

A rowing man 



26 

BE.H 

7 

16 

Partly tramed 



26 

WET 

Lost 

12 

Rugby “Blue ’ 



27 

H.K.B 0 

41 6 

0 

Running 

Blue ’ 



28 

EH.F 

10 6 

14 

Sprinter 




29 

WGO 

63 

8 

Rowing man 



30 

BH.B 

12 3 

28 

Running 





Mean 

112 

93 





after short vigorous exercise that most is hberated (Haldane and 
Quastel, and Hill, Long and Lupton) The lag of 10 to 16 minutes 
observed m the production of phosphate would seem to mdicate that 
phosphate ions, if set free withm the muscle cell, diffuse out compara- 
tively slowly, tain Tig 10 or 16 mmutes to reach equihbnum Moreover, 
the mcrease of phosphate, we observed, is not nearly molecularly eqm- 
valent to the mcreased lactic acid observed by Hill, Long and Lupton 
m similar forms of exerciser) Our average figure for short exercise is 
an mcrease of 0 3 mg P per 100 cc Hill, Long and Lupton ob- 
served, m several experiments on “standing runmng” for 6 to 10 minutes, 
an mcrease on the average of about 80 mg of lactic acid per 100 c c 
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short burst of vigorous exercise the sudden call for inorganic phosphate 
may well play a considerable part m lowering the blood phosphate 

Ihrther support to the view that the muscles are directly concerned 
with these changes is afforded by the fact that there is a marked 
difference in the phosphate curves given by framed and untramed men 
The results of seven experiments on seven different subjects are sum- 
mansed m Table Y All had been takmg regular vigorous exercise of 
various forms to within a few days of the experiment It wdl be seen 
that m no case was the fall below 15 p c and the average was only 
9 3 p c contrasted with the average fall of 22 6 p c for the seven un- 
trained men The nse on the other hand is substantially the same for 
both groups, VIZ , 11 2 p c for tramed as agamst 10 2 p c for untramed 
A pomt that possibly has some significance is that the rower or the 
Rugby player gave falls of 13 6 p c and 12 p c respectively, while the 
four runners of the Umversity Athletic Club, whose leg muscles were 
presumably even better tramed, gave an average fall of only 6 2 p c 
In attemptmg to explam the cause of this difierence one should note that 
on the average the tramed man excreted less phosphate than the un- 
tramed (see Table II), but for reasons specified above it is unhkely that 
this 18 responsible for more them a small part of the difference observed 
It may be said also that m the tramed man the equilibrium is upset less 
for the same amount of exercise than in the untramed There was, 
however, no apparent connection between states of exhaustion and fall 
m phosphate In Exp 10 for instance IJ was comparatively fresh after 
the exencse yet gave a fall of over 30 p c In Exp 30 R H B was as 
exhausted and distressed as any of the untramed subjects yet only gave 
a fall of 2 8 p 0 

It 18 then difficult to avoid the conclusion that the untrained muscle 
absorbs more phosphate from the blood after exercise than the tramed 
muscle In this connection some expenments by Embden and his 
co-workers are of interest Experiments earned out by them on the red 
and white muscles m rabbits, and on the muscles of summer and wmter 
frogs, all show an mcreased lactacidogen content m the more active 
muscle Moreover, the transition from the low lactacidogen content of 
the winter state to the high lactacidogen content of the summer state 
can be brought about very rapidly by brmging frogs from a cold to a 
warm temperature for a few dayspi) It is possible therefore that durmg 
the progressively mcreasmg activity of a muscle, brought about by 
training, the lactacidogen content of the muscle is mcreased and if 
some increase takes place immediately after each burst of exercise by 



42 


R. B EAT ARB AND 0 A REAY 


a very moderate estimate as lie weiglis 100 kgra — ^then he has lost from 
his blood alone 68 mg of phosphorus Of this 68 mg only 46 mg or 
abont two-thirds appeared m the nrme In this case then it is quite 
impossible that the kidneys are responsible for the whole of the fall m 
blood phosphate In many other cases it becomes possible only by 
ass umin g that aU the phosphate excreted comes from the blood which 
does not m turn draw any from the lymph and tissues That this is 
very improbable is shown especially by experiments on CO 2 acidosis 
In an experiment m which J B S H remamed m the chamber for an 
hour, it was not until over an hour after the subject had left the chamber 
that his blood phosphate began to fall In no case of COj acidosis did 
it ever fall below normal Yet durmg this period the body was losmg 
large quantities of phosphate through the kidneys, producing only a 
comparatively slow reduction m blood phosphate (Fig 2) This goes on 



for some hours after the acidosis has come to an end, showmg that there 
18 some reserve the blood can call upon to replenish that lost through the 
kidneys 

Smce then the changes m the blood after exercise cannot be entirely 
due to the kidney, what other causes may there be* A possible explana- 
tion appears when we consider the rapid re-synthesis of lactacidogen 
from morgamc phosphate and glycogen noted by Embdenm many of 
his experiments So marked is this phenomenon that it was only when 
he had seriously depleted the glycogen stores of his animals by starva- 
tion and strychmne poisonmg that he was able to demonstrate any 
great lowenng of lactacidogen m the muscles after exercise If a similar 
process of recovery takes place m man for some time after a sudden 
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of -wfncli tte fall piotocol is given. It vrill be seen that dnrmg tbe 
secretion of tbe sample collected at 180 mins tbe blood pbospbate fell 
from abont 3 50-3 16 mg P p c , and ivas all tbe time below tbe normal 
level 3 72 Yet tbe pbospbate excretion dnnng this period was at tbe 
rate of 82 mg per boor — over font times tbe normal rate Similar 
resnlts bave been obtamed m other experiments It may be suggested 
tbat tbis “lag” m tbe pbospbate excretion is not real and is due only to 
contamination by concentrated nrme left bebmd m tbe kidney, meters 
and incompletely emptied bladder It is very improbable tbat this 
mtrodnces much error, because wben, dnnng a normal resting penod, 
the concentration has changed rapidly owing to changes m water rate 
no corresponding change has been observed m tbe apparent rate of 
excretion. 

A further cause presents itself on consideration of tbe work on tbe 
reduction m alkab reserve after exercise (2) from which it is found that 
after short vigorous exercise lactic acid was liberated m tbe blood to an 
extent sufficieat to nentrabse a quarter of tbe alkab reserve, and this 
did not entirely disappear for neatly an bom Dmmg this period, 
therefore, there exists a condition of acidosis, practically entirely com- 
pensated, similar to that sometimes met with in diabetes It is well 
known tbat m such cases tbe rate of pbospbate and ammoma excretion 
goes up Haldane , Hill and Luck, mtbeu experiments on ammonium 
and calcium chlonde ingestion observed tbe same effect m a compensated 
acidosis produced experimentally { 12 ) If the rise of pbospbate excretion 
was m any way due to this cause a similar nse m ammonia excretion 
would be expected, and, therefore, m several experiments tbe ammoma 
excretion was detemimed. It wiU be seen m Table IT tbat m tbe case 
of two untramed subjects (Exps 9 and 10) tbe ammoma excretion was 
more than doubled just after exercise Among tbe txamed subjects there 
was m one case (Exp 27) an mcrease of 50 p c but m tbe two others 
no very significant change It may be noted here tbat Dantrebande 
and DaviespS), m an experiment on exercise, noticed an mcrease in 
ammoma nitrogen m tbe nrme collected after tbe exercise 

In Exps 27 , 28 and 30, pH detennmations were done on tbe nrme 
by Miss Watcborn, nsmg Micbaebs’ method, and m each case a 
marked fall m pH was observed after exercise (Table II) These observa- 
tions serve to support the idea that exercise produces a fleetmg but 
profound reduction m the alkab reserve to which tbe kidneys 'react 
lagorously and rapidly by excretmg phosphate at a low pH and'in some 
cases bv excretmg more ammoma The rapidity with which this fre- 



44 


R E RAY ARE AND O A REAY 


an untrained muscle, then this would account for the greater demand 
for phosphate by such a muscle A well-tramed muscle presumably 
already contains a maximum amount of lactacidogen But it is difficult 
to account for the anomalous results given by the three women subjects 
(Table I) One especially, CEL, although she was very exhausted never 
gave any sign of a fall below normal The exercise was of the same 
nature as m the other experiments and was as vigorously earned out 
We can only suppose that m this case the re-synthesis mechanism is 
either absent or works so much slower than normally that it produces 
no appreciable fall m blood phosphate 

On the whole, however, it seems probable that re-syntheais of lact- 
acidogen plays a conspicuous part m causmg the sudden fall below normal 
observed m the majority of experiments, and that the resultmg absorption 
of phosphate seems to be more extensive m the untramed muscle than 
the teamed 

Phosphate excretion 

Embden and Grafe(3) noted an increase m phosphate excretion 
after prolonged strenuous exercise by well-teamed men, and attnbuted 
the negative results obtamed by former workers to insufficient teainmg 
and work As they considered the phosphate output of a “workmg” 
day m contrast to a “restmg” day it seems probable that the pheno- 
menon they observed is distenct from the one noted by us Hart- 
mann(U) has also studied the effect of exercise lastmg an hour or two 
hours on the phosphate excretion, collecting the urme m two-hourly 
samples He notes a shght mconstant rise m the sample immediately 
following the exercise, which is followed by a compensatmg fall m the 
subsequent sample It is no doubt the relatively infrequent collection 
of samples by these workers that masked the great but fleetmg mcrease 
of phosphate excretion that takes place for a few mmutes after short 
vigorous exercise, for it is frequently followed by a compensatmg sup- 
pression after about an hour The probable cause of this phenomenon 
may now be considered 

It 18 probable that the fleetmg rise of the blood phosphate above 
normal caused a certam amoimt of mcreased excretion (S), but it is 
unlikely that this was the only cause In the first place the rate of 
phosphate excretion showed no proportionahty to the nee oi blood 
phosphate In one experiment (No 7), a comparatively small nse of 
12 5 p c m the blood phosphate was followed by an mcrease of over 
500 p c m the phosphate excretaon withm the next half hour More 
conclusive evidence that another factor is at work is given by Exp 8, 
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Figures by Dautrebande and'Davies(i3) also show tie same efiect 
and it has been noted by others that the excretion of phosphate and 
chloride show an inverse relation^ This alone seems hardly sufficient 
to explam the results obtamed after exercise as during the COg acidosis 
on E. E H. there was no significant change m the chloride excretion, 
although the phosphate excretion was more than doubled TVe feel the 
cause of the phenomenon must be left undecided untd further work has 
been done 

SUMMABY 

1 It IS shown that after short vigorous unaccustomed exercise the 
morgamc phosphate m blood first uses a httle above, then falls con- 
siderably below, the normal value m men, 

2 In men m athletic training and taking exercise regulatly this fall 
below normal is much less marked 

3 There is a sudden fieetmg but very marked mcrease of morgamc 
phosphate excretion for about three quarters of an hour after short 
vigorous exercise, followed m some cases by suppression 

4 There is a less constant but occasionally very marked mcrease 
of ammoma excretion 

6 There is a constant very marked suppression of chlonde excretion 
durmg the same period, 

6 It IS thought probable that the changes observed m blood phos- 
phate are due mainly to changes m the lactacidogen content of the 
muscles The changes observed m the urme seem to be due mainly to the 
fieetmg acidosis caused by the lactic acid formed 

We wish to acknowledge gratefully much helpful criticism and advice 
from Mr J B S Haldane and Sir F G Hopkins, and also the 
assistance given to us by our experimental subjects 

One of us (R.E.H,) la indebted to the Department of Scientific and Industrial Research 
for a grant held during the course of the research. 
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' The htoralnre has been romewed and farther obseirations 
kidney by EiohboUx and Starling (15) 


made on the isolated 
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quently takes place over short periods is remarkable In 20 mmutes 
A.0 (Exp 7) excreted 33 1 mg of phosphorus, a rate over eight tunes 
his normal 

In this connection should be mentioned two experiments on unne 
secreted durmg and after prolonged COj acidosis by J B S H and E E H 
In both cases the phosphate excretion went up to three or four tunes 
its normal rate The ammoma, however, showed a shght tendency to 
drop and certainly no mdication of a nse This might be expected as 
the acidosis was not of a type that mvolves a great excess of anions which 
have to be removed (as when the blood is flooded with lactic ions) The 
mcreased phosphate excretion follows closely the blood phosphate curve 
and IS probably m this case due to this factor alone (cf Wigglesworth 
and Woodrow(9)) The results are not m agreement with those found 
by Davies, Haldane and Kennaway(i4), who state that the 
ammoma excretion m two experiments on H W D went up after CO^ 
acidosis 

In view of these marked changes observed m the behaviour of the 
kidney after exercise it became mterestmg to mvestigate other con- 
stituents in the urme Determinations were done m several experiments 
of chlondes, sulphates, and urea Two experiments on urea gave 102 p c 
and 106 p c respectively of the normal rate This leaves out of accoimt 
the fall m rate observed m all cases dunng the actal nimung, which 
has been noted by many observers and put down to the effect of vaso- 
constnction(i5) Only one complete experiment was done on sulphates, 
and this gave a value of 116 pc but no extreme changes m rate were 
noted m another incomplete experiment On the other hand m the five 
experiments m which the chlondes were estimated they showed a pro- 
found suppression (Table H) At most they were only a little over half 
the normal value and m one case (28) only 7 6 p c of the normal This 
cannot be due to the general suppression of kidney function due to 
exercise (iS) as durmg the period from which these figures were calculated 
there was greatly mcreased phosphate and ammoma excretion and 
normal urea and sulphate excretion. It is improbable also that it is 
due to such causes as sweatmgpc) as the period of exercise is so short, 
or to some shift of chlonde ions mto the cells due to the acidosis, re- 
ducmg the plasma chlonde because although Dautrebande and 
Da vies (13) confirmed the mcrease of chlondes m the cells they found 
no dimmution of the plasma chlondes after short severe exercise 
Embden and Grafe noted a fall m chlonde excretion accompanymg 
the mcreased phosphate excretion following prolonged exercise (3) 



THE IMPULSES PRODUCED BY SENSORY NERVE 

ENDINGS Parti By E D ADRIAN 

(from the Physiological Laboratory, Cambridge ) 

This paper describes an amplifier used in conjunction witb the capiUary 
electrometer and some prelinunary observations mth it on the action 
currents set up m sensory nerve fibres by appropriate stimulation of 
their end organs 

Since the introduction of the tnode valve a number of -workers have 
used valve amplification 'm conjunction -with the stnng galvanometer 
for recording electnc responses of very small mtensily The results of 
Forbes(i) and his co--workers and of Gasser and Ne'wcomer(2j have 
shown how valuable such a combmation may be for studying reflex 
efiects m nen e There is one senous limitation, however, m the ordmary 
type of strmg galvanometer which no amount of amplification can over- 
come, and that is the hmitation imposed by the mertia of the moving 
system Owmg to th§ mass of the stnng the record of its movement does 
not give a true picture of the changes of electromotive force apphed to 
it and the distortion, though of httle account in the record of a muscle 
action current, is quite enough to obscure the true form of the much 
briefer response of a nenm fibre With sufficient amplification this defect 
might be overcome by the use of a recordmg system of very high natural 
penod (as m the oscillograph), but it cannot be overcome m the usual 
type of stnng galvanometer without very extensive alterations^ The 
magnitude of the distortion and the possibihty of correctmg the records 
b} mathematical analysis bai cbeen dealt mth very clearly byErlanger 
and GasseriS) and more recently by WilhamsCD The ideal instrument 
for recording nerve action currents is undoubtedly the cathode ray 
oscillograph densed b) Erlanger and Gasser, for m this the momng 
svstem IS a stream of cathode rays, the mertia of which is completely 
negligible At present, howe^ er, the mtensit} of the illummation from 
the rav is far too small to allow photographs to be made from a single 
excur^^ion, and similar excursions must be repeated many times over 
before the plate or the cj e is affected As a result the cathode ray oscillo- 

' nl.j. clion'< would not ol rourse opph to the iKiiitiful instrument reccntlj 

eonUnntedln I’rof Fmtho\en, whircthcKtnng moTc^ in n ineuum nnd hasa ven high 
natural p* nwl ° 


rii L\i 


i 
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equation is approsunatelT correct fox a pioperly constructed electro- 
meter l)nT IT 15 narorallv no more tlian an approximation for it leaves 

the acceleration term onr of account altogether and assumes 

that on the apphcation of a p d the mercurv will pass instantaneouslr 
from, a state of complete rest to a state of mobon beginning with the 
maximum velocitv and slowmg down as the distance travelled (i/) 
mcteases Actuallv the mercurv must take a finite bme in accelerabng 
before the maximum velocitv is reached and the equibon cannot be 
used with confidence unless we are sure that this time is verv small in 
compansou with the bme relabons of the potenbal charges under in- 
vesbgabon How far this condition is comphed with bv a given capdlarv 
can be tested verv simplv bv ptoducmg an mstantaneons change of 
potential and recotdmg the movement of the mercurv ou a xapidlv 
movmg plate Fig 3 F shows such a record taken on a plate moving 
80 cm per second A large change of potenbal has been estabhshed and 
the initial velocitv of movement is considerable but there is no sign of 
anv rounding of the curve when the movement begins — no sign that is 
of a progressive acceleration before the maximum velocitv is reached 
Since the plate travels S mm in 001 sec it is clear that the mercurv 
passes from rest to its maximum velocitv m much less than 
and a careful mspecbon of this and similar records shows that the bme 
required for accelerabng is probably less than 0001 sec Thus the 
equanon (3) may be taken as correct even when we employ the electro- 
meter to record changes such as nerve acbou currents which are over in 
a few thousandths of a second 

This freedom from distorbou by inetba has been insisted on because 
It enables the capillary elecbometer photograph to he analysed without 
difficult! and so to gi\e a much bner record of nerve action currents 
than tliat obtamed with the usual form of string galvanometer There 
arc houeier two other features of the capdlarv elecbometer vrhich 
make it specially smtable as a recording apparatus m conjimcbou with 
an amplifier One is that its own resistance is practicillv mfimte so that 
the changes in the effective resistance of the v alve circuit can be recorded 
vv ithout dimmubon The other is the great practical adv antape that v erv 
little harm is done to it if a large potential difierence is apphed bv 
mi-take WTien valves are used a chance interference with the input 
circmt mav giv e nse to a current large enough to break the string of i 
galv anometeri but m the elecbometer such a current will merely cause 
' The .(nn- Ojuld l-> rrolcacil bx x fiw but thi-= woiiW hire to b more 
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graph can only be used in experiments where the same sequence of action 
currents can be repeated over and over agam and it is not suitable for 
recording an irregular senes of action currents such as are produced by 
the activity of the central nervous system Another instrument m which 
the mertia factor is extremely small is the capdlary electrometer This 
has fallen out of favour with the majorify of physiologists because its 
records need analysis and because of its low sensitivity compared with 
that of the stnng galvanometer These objections have now become of 
httle importance With the advent of rebable valve amplifiers a low 
sensitivity m the recordmg instrument is no drawback at all, and the 
analysis of capdlary electrometer records can be made m a few moments 
by the machme designed by Keith LucasfS) As will be seen, the com- 
bmation of valve amplifier and electrometer gives us an instrument of 
such range and precision that it promises aceess to fields of investigation 
which are as yet almost unexplored 

The chief pomt m which the capillary electrometer has the advantage 
over the strmg galvanometer hes m the fact that its records show practi 
cally no distortion caused by the mertia of the movmg sj’^stem In both 
classes of mstrument the movmg system has appreciable mass and the 
movement m both must satisfy the usual equation for a damped osciUa- 




where C is the restonng force, and D the dampmg 

In the capillary electrometer, however, both dampmg and restormg 

d^v 

forces are very large and the third term ^ is so small m comparison 
that it IS practically neghgible The mercury therefore moves m accord- 
ance with an equation which is approximately 

Cy + Df=/((). (2) 

where/ IS the displacmg force (m this case the apphed p d ) at the time t 
This equation resolves itself into the weU-known formula for the correc- 
tion of capdlary electrometer records, 

S^,)=y + h^ or £?(,)= y + i tan a, (3) 

where y is the vertical distance travelled by the mercury at the time t and 
the angle 6 gives the slope of the curve at that moment Thus the true 
value of the potential difference at any moment can be calculated 
without difficulty 

The work of Burch, Gildemeister and others has shown that this 
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Vvhick contains tte Ingi and low tension battenes and is completely 
sbeatbed m lead Tbe input wire is earned m a metal tube wbicb is con- 




Fig 1 Connections of preparation, amplifier and electrometer iletallie slueldmg 
indicated b> dotted Lne The batteries are shielded mtb the amplifier 

Fig 2 Calibration curve Observed and calculated points on applying a steadv p d 
ol 02 millivolts through 50,000 ohms (three valves) 


nected witb tbe sheath of the amplifier case Tbe length of tbe mput 
\s lie IS about 2 ft Tbe pieparation itself is contained m a large box of 
sheet iron J' thick, measuring 24' x 12* x 12* and ]iist large enough 
to hold a cat or rabbit (it might have been made larger with adt antage) 
The «ides of the box are hinged and open downwards to allow access to 
the preparation and the box is placed on a heated animal table A carbon 
lamp inside the box aids the rather inefficient heatmg when warm- 
blooded preparations are used The sheath of the mput wire is m metalhc 
connection with the wall of the box With this arrangement it will be 
seen that the whole system, preparation, mput wire and valves are 
complete^ enclosed m a continuous metal sheath which is earthed to 
the water pipes of the laboratory 

This electromagnetic shielding is all that can be desired, for it is 
po'^'^ible to run small d c motors 7 or 8 ft from the amplifier without 
cauMng anj disturbance, and the sparkmg of an electrically driven 
tuning fork lift anav had no appreciable effect on tbe record The 
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the mercury to run out of the end of the capillary tube, or at the worst 
will produce some electrolysis and hubbies of gas which are easily cleared 
by flushmg the tube out with mercury With the present instrument it 
has never been necessary to take down the tube since the amplifier was 
mstalled 

A Descnphon of Instrument 

The electrometer used m the present work needs no description, for 
it IS the ongmal instrument designed by Keith Lucases) and described 
by him m this I ournal The only changes which have been made are 
(1) the substitution of a small clockwork feed arc lamp with a choking 
coil in senes to give a very steady lUummation and (2) the substitution 
m the later experiments of a sprmg time marker m place of the electri 
caUy driven t unin g fork The contacts of the fork sparked considerably 
and although the records showed no sign of disturbance from this it 
seemed better to use a time marker which should be above suspicion 
This consists of a small strip of clock sprmg fixed at one end m a massive 
stand The other end is bent down and held m a catch released by the 
same movement which releases the photographic plate The length of 
the stnp IS adjusted so that it makes 100 vibrations per second and it 
contmues to vibrate for 2-3 seconds after it has been released The 
capiUary tube at present m use has a diameter of 03 mm at its workmg 
part and a pressure of 14 cm Hg is needed to brmg the mercury to this part 

The amplifier owes much to the great kmdness of Prof Gasser, who 
supphed me with details of the amplifier used by him m America, and 
to the staff of Messrs W G Pye and Co of Cambridge, who redesigned 
an instrument on the same general hnes and planned the very compact 
and well shielded lay-out of the apparatus It is a three valve resistance- 
capacity coupled instrument made on conventional hnes but designed 
so as to be as free as possible from extraneous mechamcal and electneal 
disturbances The arrangement of the circuits is shown m Fig 1, and it 
wiU be seen that only one high tension and one low tension filament 
battery is used for aU three valves A smgle switch m the filament 
ciremt turns the amplifier on or off and the change from one to two or 
three valves is made m a moment by pluggmg m P 2 and A 4 ir F 
condenser is placed across the termmals of the high tension battery 
(dry cells) to dimmish fluctuations m e M f and the resistances are wire 
wound and shielded m brass cases The three valves with condensers 
and resistances are mounted on an ebomte base and contamed m a sheet 
iron box to which the negative side of the filaments are earthed The bo\ 

IS housed m the top compartment of a large wooden case (38 x 18 x 13 ) 
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^ \ ^ sec The lesistance of the ciicmt m vrhich this p D is measded may 
hrL high as 500,000 ohms, though the base hue becomes unsteady if 
the resistance is much greater 

JTaturally such a change could not be detected except on an ex- 
tremely steady base hue and when vieired by eye the shadow of the 
mercury column often shows irregular oscillations of a few mm. ampli- 
tude Fortunately these movements are all extremely slow compared 
with such rapid changes as a nerve action current, their periods are of 
the order of ^to ^sec or longer and over any given period of sec the 
base hne remains extremely steady provided that the resistance m the 
mput CKcmt IS not too great (cf Fig 3 A and F and Fig 8 C and F) 
Distortion How far may we assume that the change of potential m 
the electrometer circuit is an exact reproduction, amphfied a thousand- 
fold or more of the change of potential m the mput cncurt^ There are 
two groups of factors which wdl cause distortion, one of them important 
only with very rapid and the other with very slow changes of potential 
If the potential in the mput cucmt alternated at a period of a milhon 
times a second an amplifier with wire wound resistances would be 
unsuitable The capacities of such resistances are not neghgible and at 
such high frequencies the capacity between the ends of the coil would 
provide an alternative path for the current and so dimmish the impedance 
of the cucmt Thus the amplification would be much smaller for a high 
frequency than for a low In the present case, however we are concerned 
with frequencies of the order of a thousand a second mstead of a miUion 
With the instrument described the amplification only begins to show 
perceptible fallmg ofi when the mput frequencv is raised to 5000 a 
second and therefore a senes of nerve action currents is well withm its 
powers The other factor which may cause distortion depends on the 
use of condenser couphng between the valves and on the condenser 
which mtervenes between the output and the capillary These condensers 
will transnut rapid fluctuations of potential without distortion, but a 
slow or a permanent change of potential would soon cease to have any 
effect as the condenser would have tune to come mto equihbniim by 
charging or duchargmg itself The time taken to charge or discharge is 
proportional to the capacity of the condenser multiphed by the resist- 
ance in the cucmt For the mtervalve condenser this resistance 
IS \en large (1 5 to) and the rate of discharge is very slow but m the 
cucmt of the output condenser the resistance is only GO, 000 ohms plus 
the eftecuve resistance of the aalve (about 20,000 ohms) If a change 
of potential is suddenly established between the two sides of this con- 
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complete enclosure of the preparation is usually unnecessary and one 
of the sides of the box is generally left open durmg an experiment for 
convemence m mampulation 

Mechanical Shielding Each valve socket is attached to the vulcamte 
base plate by a small flexible rubber support The base plate rests on 
rubber sponges m the metal case which is packed mto the outer wooden 
box with a thick jacket of felt The wooden box is double walled and 
consists of an inner and outer case of three-ply wood with cotton waste 
packed between them , the outside is covered with sheet lead and the 
whole stands on four large rubber feet The front of the box forms a door 
which opens to allow access to the valves and batteries 

If the door of the outer box and the door of the small inner valve 
chamber are both thrown open there is enough mechamcal vibration of 
the valve elements to produce a considerable effect on the electrometer 
when three valves are used This shows itself as a regular oscillation at 
about 260 per sec with slower beats superimposed on it A loud noise 
near the valves increases the oscillations enormously IITien both doors 
are shut there is no sign of any disturbance unless the box is actually 
tapped and noises of ordmary volume may be made near it with complete 
impumty 

Connection to Electrometer The high tension battery produces a 
large permanent e ii F between the filament and plate of the final valve 
and on this are superimposed the fluctuations which are the amplified 
image of those m the mput circmt To guard the electrometer from the 
effect of this steady high potential a 1 m F condenser is placed across the 
output circmt (Eig 1) The electrometer itself is shunted through a 
resistance of 60,000 ohms as the dampmg of its movement depends 
inter alia on the resistance m the circuit and this value gives good results 
with the particular tube m use 

Amplification The valves used are Marcom be 5b type, and the 
voltage amplification with three valves is 1850 With two valves it is 
170, Wt all three valves have always been used m the present work 

^Vhen no valves are used the capillary gives a steady deflection of 
45 mm on the screen (magnification = 490) for a potential change of 
19 milhvolts and with aU three valves the same deflection would be 
given by 0105 milhvolts The rate of movement imder this potential is 
such that a distmct excursion would be produced on a plate movmg at 
1 metre a second, even though the potential was apphed for sec 
only Thus with three valves the capillary should be able to detect a 
change of potential m the mput circmt of about 01 milhvolts lastmg for 
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there has been no tronble from artefacts due to induction shocks, etc 
A small D c electnc motor is used to mn the film camera ivhen a con- 
tmuons record is to be made, but it is 15 ft a^vay from the preparation 
box and it has no appreciable effect on the record IVhen artificial 
respiration is used the air is taken from the laboratory compressed air 
supply through a serm-rotary valve operated by a mnd-screen mper^ 
also driven by compressed air 

It is essential that the nerve vhose action currents are recorded 
should not move relative to the electrodes when a record is taken and 
to ensure this it is usually looped over a small glass hook between the 
electrodes and the animal (or muscle) with enough slack to prevent a 
slight movement from pulhng on the nerve beyond the hook The elec- 
trodes are plugged with gelatm with a short piece of worsted protruding 
from the lower end and the nerve is supported by small glass hooks fused 
to the lower end of the electrode tubes The tube is filled with Einger’s 
flmd above the gelatm and the current is led off by a silver wire coated 
with silver chlonde 

Smce the electncal effects which are recorded are all extremely small 
it IS essential to make numerous control observations to guard against 
artefacts As a routme at the end of each experiment the nerve is kiHed 
by crushmg or burning between the electrodes and the animal, and a 
record is made to see if any disturbance can be detected m the electro- 
meter Almost mianably the base fine remains quite steady m these 
controls More elaborate control observations wiU be described m detail 
later 


B Afferent impuUes from Muscles Responses produced by stretching 
The experiments to be discussed are to some extent prebmmary 
The\ suffice to show the capabdities of the instrument but an exhaustive 
analysis must be left to a later date 

The most complete observations haie been made on the sensory 
impulses produced by the stretching of a muscle Sherrington’s 
earlier nork and its recent extension by Liddell and Sherrington(S) 
has made it cleat that sensory impulses must travel up to the central 
nen om s\ stem n hen certam muscles are stretched In 1921 de M ey er(9) 
reported lery small oscillations observed with a stnng galvanometer 
in the nerve nhen the muscle which it supphes is stretched, and quite 
recenth Forbes, Campbell and Williams(iO) were able to show 


* Thic i« a Lu^a5 f CTtM-n ^ppr as fitted on Moms Care 
to drive It b\ compre*^e<l air instead of auction. 


^ erv fc’w' alterations are needed 
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denser there will be a transient current m the resistance R wbicb will 
start at its maxunum and should dechne to half its initial value in 
066 sec The electrometer measures the difference of potential between 
the ends of the resistance and the change which is recorded will therefore 
dechne at the same rate as the current through R Fig 2 shows an 
analysis of the electrometer record when a p n ot mv is suddenly 
established m the mput circmt together with a senes of pomts calculated 
on the assumption that the dechne of the recorded potential is due 
entirely to the output condenser and that the effect of the mtervalve 
condensers may be neglected The agreement between observed and 
calculated points is close enough to justify this assumption and the 
record shows that m seo the observed p d has fallen to about 
86 p c of its mitial value Smce the changes which we are concerned 
with are generally over m less than j^sec the amount of distortion 
from this cause will be neghgibly small If it were desired to 
record the action currents of a muscle mstead of a nerve, the 
distortion would be more important, but it could be reduced easily 
enough by usmg an output condenser with a capacity greater than Imp 
T he only advantage of a condenser of this capacity is its small size and 
high resistance and the fact that it does not take long to become charged 
when the amplifier is turned on 

The only other considerable source of error is that mtroduced m the 
analysis of the electrometer records m accordance with the equation 
■S'h) ~ y + ^ ^ The mechamcal analyser designed by Keith Lucas 

enables this to be done with great accuracy provided only that the 
photographic image is sharp enough The essential operation consists 
m turmng the eyepiece of a nucroscope untd the cross wires m it are 
tangential to the curve traced out by the shadow on the plate This 
cannot be done if the image is badly focussed or the negative thm, and 
for this reason the accuracy of the final result is probably determmed 
more by the quahty of the photographic technique than by any dis- 
tortion m the amplifier or electrometer Some idea of the accuracy of 
the analysis under favourable conditions may be gamed from records 
previously pubhshed m which condenser discharges of known tune 
relations were photographed with the electrometer and the calculated and 
observed forms were compared (7) 

General points tn technique 

Up to the present the apparatus has not been used m any experiment 
which mvolves the electncal stimulation of the preparation, so that 




Fig 3 A-D, C and H records of action currents m frog s sciauc nerve on Etretchmg 
gastrocnemiuE bv a weight. 

A. Control Xerve killed near muscle Tumng fork gives i!00 n v per sec. 

B Xerve uninjured, muscle relaxed. 

C Weight of VO gms for 10 secs. Xerve uninjured (diphasic), 

D Weight of 10 gms for 20 secs Xerve injured between leads (monophasic). 

E W eight of 100 gm» lor 10 sec* Xerve uninjured. 

C .%iother preparation. AO gms lor 5 secs, on gastrocnemius 
H Same as G 40 gras on gastrocnemrus and on tibiaha antreus 

F Cahbration curve 0-1 milhroUs 3 valves showing instant acceleration of meienrv 

Spnnc time marker gives 100 D v per sec 


Diphasic and Monophasic Responses The first entenon will be 
satisfied if ue can show that an isolated oscillation is a diphasic change 
tnth the first phase indicating negatintr at the electrode nearest the 
muscle and if we can convert this into a monophasic change bv Inlbr 
the nerve between the electrodes When the tension on the mnscle 


bij ja 
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conclusively that the act of stretciung does produce true action currenta 
wlucli travel away from the muscle towards the central nervous system 
In Forbes’ work the muscle was jerked suddenly by a sprmg or made 
to twitch by an mductaon shock to the nerve and the action currents 
were recorded with a string galvanometer with or without a smgle valve 
amplifier His records show a group of three or four oscillations dimimsh 
ing rapidly m amplitude and be was able to prove qmte clearly that each 
oscillation must represent a group of action currents axismg m the 
muscle and having time relations which do not differ greatly from those 
of the action currents set up by an electric stimulus This observation 
IS of fundamental importance as the first defimte measurement of the 
action currents set up m proprioceptor fibres by stimulation of their end 
organs The procedure of stretching the muscle suddenly has the ad 
vantage of stimulatmg a large number of the receptors more or less 
simultaneously so that reasonably large action currents appear m the 
nerve With the present apparatus these woidd be needlessly large and 
the method of stimulation usually employed consists m stretchmg the 
muscle by hangmg a small weight on the thread attached to the tendon 
A frog’s sciatic-gastrocuemius preparation is dissected out and placed 
on an insulated stand in the metal preparation box with the knee jomt 
held firmly m a clamp and the nerve restmg on the electrodes The thread 
from the tendon passes through a small hole m the side of the box and 
over a hght pulley ^Vhen the thread is completely slack (the muscle 
resting on a glass plate) the electrometer record is very nearly qmet, 
though there are occasional small oscillations which are not present in 
the control records after the nerve has been killed If a weight of 10 gms 
or more is hung on the thread and left in position a record made after 
10 secs shows a rapid succession of oscillations (Fig 3) With a heavier 
weight these are more frequent and many of them are larger 

Controls If these oscfilations are to be accepted as true action 
currents they must satisfy certam criteria A true electric response 
should consist of a transient faU of potential which passes rapidly along 
the nerve, m this case away from the muscle The tune relations of the 
response and its rate of conduction should not difier much from those of 
the response set up by stimulatmg the nerve trunk electrically and they 
should be prolonged considerably by a faU of temperature FmaUy the 
responses should not appear unless we have reason to suppose that the 
end organs are bemg stimulated and they should disappear if the nerve 
18 killed between the electrode and the muscle This last cntenon is 
certainly obeyed The oscillations only appear m any number when the 
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tte same size ^iVlietlier these really represent the activity of a single 
nerve fibre or 'whether they are dne to a group of fibres acting in unison 
IS a question which must he left open for the present but they copv one 
another so closely that we are certamlv safe in assuming that their time 
relations do represent some defimte characteristic of the response Fig 5 



^tS-5 Hg 6 Fig 7 

rig. o A— isolated monophaao response produced bv stretchins muscle 
E— response of same snatic stimulated electncallr (no valves) 

^ 6 Isolated monophaao responses produced bv stretching Xerve -rarmed and cooled. 

^ I^'^ted diphasic responses trith varvmv distance beWeen leads Thin hn° eives 
monophasie response ' ^ 


jves the analysis of one of these characteristic disturbances on a larger 
together with the monophasie response produced bv stimu- 
g the frog’s sciatic with an mdnction shock and recorded bv the 
^ame electrometer without amplification The error m the analysis of 

rh-inr*^^ I ^ disturbances the whole 

but 1-2 mm. on a plate travelhng at a metre a second, 

statement that the time 
jrreatlv from^r P^odiiced bvstretchmg the muscle do not differ 

^bonld be t relations of a true electnc response 

rr°mn ^ temperature In some 

^ the 

carefnl der ^ ^ sciabc to about three times its former value A. 

^»rm.dbrpoJ„'R " the nen-e alt-raatelr 
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very slight (5 gms weight, e g ) the oscillations are not continuous but 
occur as isolated disturbances on a steady base hne, and it is then found 
that the direction of movement of the mercury does show an initial fall 
of potential at the electrode nearest the muscle Fig 4 C gives the analysis 
of a portion of the record m Fig 3 0 and it will be seen that each osdUa 
tion IS diphasic Fig 3 D and the analysis m Fig 4 D shows the effect 



of Inllmg the nerve between the two electrodes The electrometer 
oscillations have a different form and the analysis shows that the response 
has become monophasic This change from a diphasic to a monophasic 
type of response has occurred mvanably wherever the nerve is mjured 
between the leads We have therefore conclusive proof that the dis 
turbances consist of a transient fall of potential passmg along the nerve 
away from the muscle and appearmg first under one electrode and then 
under the other 

Time Relations Some idea of the time relations of the responses 
may be gathered from Figs 3 and 4 Evidently they are not aU of the 
same duration The larger responses last on the whole for a longer time 
and some of them are obviously complex When the oscillations are 
crowded together (e g Fig 4 E), as they are with a strong stimulus, 
they vary considerably both m duration and amphtude, but m a record 
where there are pauses between successive oscillations it is noteworthy 
that the great majority of them have much the same duration and much 
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the same size AVhether these reaUy represent the achmty of n single 
nerve fibre or whether they are due to a group of fibres acting in unison 
IS a question which must be left open for the present, but the) copy one 
another so closely that we are certnmly safe in nssiinung that their time 
relations do represent some definite characteristic of the response Fig o 



Fig 6 A — isolated monophasic response produced by stretching muscle 
B — response of same sciatic stimulated electncalli (no valves) 

Fig 6 Isolated monophasic responses produced by stretching Kerve warmed and cooled. 
Fig 7 Isolated diphasic responses with varymg distance between leads Thin Imo gives 
monophasic response 

gives the analysis of one of these characteristic disturbances on a larger 
tune scale together with the monophasic response produced by stimu- 
latmg the frog’s sciatic with an mduction shock and recorded by the 
same electrometer without amplification The error m the analysis of 
the records is fauly large, for with such bnef disturbances the whole 
change only occupies 1-2 mm on a plate travelhng at a metre a second, 
but the agreement is close enough to justify the statement that the time 
relations of these responses produced by stretchmg the muscle do not differ 
greatly from those of the action current set up by an electnc stimulus 
Effects of Temperature The time relations of a true electnc response 
should be prolonged considerably by a faU of temperature In some 
previous work(U) a change from 16° to 6° C was found to prolong the 
response of a frog’s sciatic to about three times its former value A 
careful determmation of effects of temperature on the present responses 
has not been made, but m one expenment the nerve was alternately 
warmed by pounng Rmger at 25° over it and cooled by placmg some ice 
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very slight (5 gms weight, eg) the oscillations are not contumons but 
occur as isolated disturbances on a steady base line, and it is then found 
that the direction of movement of the mercury does show an initial fall 
of potential at the electrode nearest the muscle Fig 4 C gives the analysis 
of a portion of the record m Fig 3 C and it will be seen that each osciUa 
tion IS diphasic Fig 3 D and the analysis m Fig 4 D shows the effect 



of kiUmg the nerve between the two electrodes The electrometer 
oscillations have a different form and the analysis shows that the response 
has become monophasic This change from a diphasic to a monophasic 
type of response has occurred mvanably wherever the nerve is mjured 
between the leads We have therefore conclusive proof that the dis- 
turbances consist of a transient fall of potential passmg along the nerve 
away from the muscle and appearing first under one electrode and then 
imder the other 

Trwie Relations Some idea of the time relations of the responses 
may be gathered from Figs 3 and 4 Evidently they are not all of the 
same duration The larger responses last on the whole for a longer time 
and some of them are obviously complex AATien the oscillations are 
crowded together (e g Fig 4 E), as they are with a strong stimulus, 
they vary considerably both m duration and amphtude, but m a record 
where there are pauses between successive oscillations it is noteworthy 
that the great majonty of them have much the same duration and much 
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the same size 'Whether these reaUy represent the activity of n single 
nerve fibre or whether thev are due to a group of fibre' actmg m iini-^on 
IS a question which must be left open for the present but thev copi one 
another so closely that we are certainly safe m as'unung that their time 
relations do represent some defimte charactenstic of the response Fig J 



Tig 5 A — isolated monophase response produced bv stretching muscle 
B — response of same saahe stimulated electncallv (no valves) 

Hg 6 Isolated monophase responses produced bv stretching 2Cerve ivanned and cooled. 
Fig 7 Isolated diphasic responses inth varvmg distance between leads Thm Ime givC' 
monophasic response 

gives the analysis of one of these characteristic disturbances on a larger 
tune scale together with the monophasic response produced by stimu- 
lating the frog’s sciatic with an mduction shock and recorded bv the 
same electrometer without amplification The error m the analysis of 
the records is faulv large, for with such brief disturbances the whole 
change only occupies 1-2 mm on a plate travelling at a metre a second 
but the agreement is close enough to justifv the statement that the tune 
relations of these responses produced bv stretching the muscle do not differ 
greatly from those of the action current set up by an electric stimulus 
Effects of Temperature The tune relabons of a true electric response 
should be prolonged considerablv by a fall of temperature In some 
previous work(ii) a change from 16° to 6° C was found to prolong the 
response of a frog’s sciatic to about three tunes its former value -A 
careful detenmnation of effects of temperature on the present responses 
has not been made, but m one experiment the nerve was altematelv 
warmed by pouring Rmger at 25° over it and cooled by placmg some ice 
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about 1 cm below it, the muscle was stretched by a weight and the 
monophasic responses were recorded with the amplifier Rg 6 shows 
the analysis of typical responses and there is no doubt that the cooling 
has moreased the duration considerably It is extremely unlikely that 
an artefact would be affected so much by a fall of temperature 

Rate of Conduction A true electno response m the frog’s sciatic 
should be propagated at a rate somewhere between 20 and 30 metres a 
second at 15° C Some idea of the rate of conduction of the present 
responses may be gamed from an analysis of the diphasic curves, though 
here as in the case of the monophasic curves we are met by the difficulty 
that the larger excursions may have longer time relations and are some 
times obviously complex But here too if we confine ourselves to isolated 
excursions we find a fairly constant mterval between the two phases and 
Fig 7 gives two sets of diphasic curves with different distances between 
the two electrodes, together with monophasic curves made after the 
nerve was killed between the electrodes The rate of conduction works 
out at 25 m per sec The possible error is large, perhaps ± 5 metres per 
sec , but m any case the value is in very good agreement with the known 
rate of conduction of the nervous impulse m the frog’s sciatic 

Frequency The osciUations do not occur regularly, but m any given 
record the numbers appearmg m successive penods of ^^sec are generally 
very near one another Now if the oscillations are true action currents 
their frequency should bear some relation to the state of the end organs, 
the degree of stimulation, temperature, etc If they are artefacts depend- 
mg on the properties of the recordmg apparatus or on chance disturbances 
from mechamcal or electncal vibrations m the bmldmg then frequency 
would not be affected by the condition of the end organs The fact that 
they do not appear at all unless the muscle is under slight tension makes 
it extremely improbable that they are artefacts and this is confirmed by 
the fact that their frequency does vary with the degree of tension on 
the muscle, and if the tension is kept constant with the temperature of 
the muscle This is illustrated m the following expenments 

Expt I Frog B sciatic gastrocnemius preparation At room tompcraturo IG 6 C 

No of oscillations 
(estimated bj 
countmg for period 
of 16 sec ) 

210 
176 

200 
230 


Stimulus 

(а) Weight of 10 gms hung on muscle for 10 secs 

before record was made 
Weight of 10 gms on muscle for 20 secs 

(б) Weight of 60 gms on muscle for 10 secs 
Weight of 60 gms. on muscle for 20 secs. 
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Expt 2 Piog’s sciatic gastrocneimiis Nerve kept at lo" C 
vaned. 


Stimulus constant 

(a) Muscle at 15° C 'Weight of 40 gms for 5 secs 
{b) Muscle at 5 8“ C Weight of 40 gms for 5 secs 


Temperature of mu'clo 

No of o'cillation" 
per see 

•no 

190 


Evidently the frequency is determined by somethmg happening in the 
muscle and not by the mechanical or electrical properties of the recording 
apparatus 

These controls have been dealt unth at some length because of the 
obvious possibihty of artefacts m recording changes of potential as small 
as 01 mkhvolts m a high resistance circmt such as a ner\ e They lea\ e 
no doubt that the oscillations are due to nervous impulses travelling 
away from the muscle and they show what kind of record we may expect 
from sensory nerve fibres in general Granting, then, that we have to 
deal with true action currents we mav proceed to discuss the conditions 
which give nse to them 

Numher of fibres ni (icfioii The chief dilhculty m interpreting these 
records hes m the fact that we ate dealing with a number of afferent 
fibres and that there is no reason to suppose that they are activated 
synchronously It is a pomt of some importance that the oscillations 
should appear as clearly as they do, for it is easy to imagine a state of 
affairs m which the overlappmg of impulses m different fibres would be 
so great that the electrometer record would be smoothed out mto a 
straight hne So far nothmg approachmg this has been obsen ed in any 
of the experiments With a weak stimulus (cf Fig 4 C and D) the 
oscillations are isolated from one another by considerable pauses As 
the strength is mcreased these pauses disappear and the oscdlations are 
much more irregular m size (Fig 4 E) Evidently there is some over- 
lappmg m such records, but even with the strongest stimuh it has not 
been enough to cut down the average size to any great extent This must 
mean that the total number of impulses set up m a given time m aU the 
afierent fibres by a weak stimulus is relatively few — probably not more 
than 300 m a second, and it is natural to enquire whether the simple, 
isolated responses such as those m Fig 4 do not each represent the action 
current of a smgle nerve fibre The fact that they all conform closely to 
a standard size and a standard duration supports this very stronffly, for 
it seems most unhkely that a contmuous stimulus such as a state of 
tension would activate groups of fibres synchronously The potential 
change m these isolated responses usually hes between 015 and 025 
mdhvolts, which is about a thousand tames less than the potential change 
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occurring wiien the whole sciatic nerve is stimulated electrically The 
number of fibres in the frog’s sciatic hes between three and four thousand, 
but it IS difficult to say what the relation between potential and number 
of active fibres would be for such extreme cases as the whole nerve trunk 
and a smgle nerve fibre For the present, then, we must be content with 
the conclusion that only a very few fibres are concerned m producing 
the isolated responses — almost certainly less than ten and probably 
only one 

Effects of change in strength and duration of stimulus This ivill not 
be dealt with in any detail on account of the uncertamty m mterpreting 
the results from a nerve containmg many afferent fibres In the near 
future it should be possible to make use of a preparation contaming only 
one sensory nerve endipg, and if this can be done a knowledge of the 
relation between the stimulus and the frequency of the impulses set up 
wiU be far more significant When many end organs are present, an 
mcrease m frequency in the record might be due to an mcrease m the 
number of nerve fibres in action, to an mcreased frequency m each fibre 
or even to a change from synchronous to asjmchronous activit}’’ in 
different fibres At the same time the results are defimte enough and may 
be stated bnefly In the first place, if the weight is kept constant and 
IS apphed at different times before the record is made, it is found that 
the frequency of the oscillations falls off gradually as the length of the 
period IS mcreased This is illustrated in the foUowmg expenment 

Expt Frog’s sciatic gnstrocncmins preparation Temp 16° C Weight of oOgnis 
hung on tendon Record made at different times after application of weight 

Duration of No of oscillations 
application (secs ) per sec 

5 200 

10 270 

20 105 

40 125 

80 00 

245 47 

615 33 (extreme!} irregular) 

It wiU be seen that some oscillations can still be recorded even though 
the weight has been hanging on the muscle for ten nnnutes 'Whether 
they cease immediately on its removal is a point which has not been 
tested, but they are certainly absent 5 secs later Thispersistent discharge 
of unpulses when the tension on the muscle is mamtained is in striking 
agreement with the work of Liddell and Sherrington on the stretch 
reflex which persists m the same way when the tension is maintained 
The gradual dechne m frequency makes it necessary to use a stimulus 
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of constant duration -n-fien changes of strength are investigated If the 
penod of loading is kept constant (5, 10 or 20 secs as a rule) an increase 
in the ireight causes an increased frequency up to a limiting aalue of 
about 400 per second Thus a -weight of o gms for 10 secs gave a frequencv 
of 120 per sec and a -weight of 50 gms gave 310 lllore endence of or er- 
lappmg occurs as the frequency mcreases and the record takes on the 
character of Fig 4 E -with a mixture of large and small oscillations 
It IS an mterestmg pomt that m records -with smaller -weights (or longer 
durations) -where isolated responses can be measured the magnitude of 
these appears to be constant and shows no signs of varying with the 
strength of the stimulus This result is clearlv in agreement -with the 
idea of an all or nothing relation between stimulus and nervous 
impulse 

Afferent impulses from other muscles In the decerebrate cat Liddell 
and Sherrington find that the stretch reflex is onlv ehcited bv tension 
on the extensor muscles Tension on the flexors, on the other hand is 
not -without reflex efiect, for it inhibits the stretch reflex in the extensors 
In the frog tension on the follo-wmg muscles produces a sustamed dis- 
charge of afierent impulses in the sciatic gastrocnemius tibiahs 
anticus, sartonus, extensors of the thigh and hamstring muscles There 
IS no obvio-us difierence between the records from the flexors and those 
from the extensors In the spmal cat if electrodes are placed on the 
pophteal nerve (cut high up m the thigh), tension on the gastrocnemius 
tendon produces a record almost mdistmguishable from those given by 
the frog’s sciatic 


C Impulses in cutaneous sensory nerves 

The responses so far discussed have all been mitiated in the sensory 
end organs of muscles, i e m organs of the propnoceptor class These 
are the most easily mvestigated because the stim^us w'bch excites them 
is so much more teaddv controlled and measured than are the stimuh 
which excite the cutaneous sensory endings But there is no duEflculty 
m recording the action currents m a cutaneous sensory nerve The m- 
temal saphenous nerve of a spmal (decapitate) cat is dissected out as 
low down as the knee, hgated and divided high up m the thigh and 
placed on the electrodes The leg is allowed to rest on the table, all 
motor nerves to the hmb bemg divided to prevent reflex movements 
A record of the electric efiects m the nerve then shows a rapid senes of 
oscillations, and these mcrease m frequency and amphtude if the skin 
of the foot IS mpped bv a pair of artery forceps or pncked by a pm 

PH T.X7, 
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(Figs 8 and 10) The oscillations conform to the same tests which were 
applied m the case of afferent impulses from the muscles The responses 



rijj S A, B, C rcaponsoa from \ ngiis of gpmni cat Time marker gi\ cs 100 d ^ per see 
A* Lungs held inflated for C secs (diphasic) 

B Lungs deflated 6 secs 
C Control Nerve kdlod distal to lends 

D, E, E responses from internal saphenous nene of spinal oat Tuning fork gives 
200 D V per see 

J) Skin of leg pinched bj forceps Diphasic 
E No added stimulus Monoplinsic 
E Control Non o killed distal to lends 

become monophasic when the nerve is mjured between the electrodes 
and they disappear when the injury is distal to the electrodes, though 
the injury itself sometimes sets up a rapid discharge of impulses lasting 
several rmnutes A further control consists m leaving the proTunal 
connections of the nerve mtact and cuttmg it distally The record is 
then quite free from oscillations though the nerve fibres are unmjiired 
and are m connection with the body of the ammal Records have been 
made from six nerves and it is noteworthy that in all of these a fairly 
continuous senes of oscillations was present, although the leg was not 
mteifered with m any way The normal emuronnient seems to contain 
factors which stumdate the cutaneous receptors, such factors bemg, no 
doubt, the pressure of the leg on the table, movements of the hairs 
produced by air currents, etc The only added stimuli mvestigated have 
been those which would cause pam m the intact animal The increase m 
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freciuency may be lelatively small if the frequcnc) is already lugli m 
the xestm" bmb The maximum rate lecoided uas -120 per sec , the tem- 
perature of the hmb surface being 2j° C As the temperature of the 
nerve was not accurately controlled, not much information can be drawn 
from the time relations of the responses, but there is no mdication that 
the additional impulses set up by a painful stimulus differ much from 
those with the hmb undisturbed which are presumably due to non- 
pamiul stimuh’- 

In two experiments on the spmal cat and one on the frog it has been 
found that pmchmg the tendon of a muscle with arter) forceps produces a 
senes of oscillations of the usual type m the nenm attached to the muscle 

D Afferent tmpidses in (he lagus and cardiac depressor 

Observations of the same preliminary character have been made on 
these nerves, smee their sensory end organs belong to the class of \ isceral 
receptors and the impulses set up might conceivably differ from those 
m sensory fibres from the skm or the skeletal muscles Einthoven(i2) 
has published stnng galvanometer records from the penpheral portion 
of the divided vagus m the dog during the movements of respiration and 
these show a slow deflection of the stnng corresponding to the moi ement 
of inspuration and a slow return durmg expiration On this curve are 
superimposed a senes of more rapid oscillations which are synchronous 
with the heart beat The respiratory and the cardiac eSects could be 
separated by leading off from either the vagus or the cardiac depressor 
m the rabbit These observations (which confirmed and extended the 
earher work of Lewandowski and of Tschermak and Koster) show 
that the vagus becomes electro-negative durmg inspiration, as would be 
expected if afferent impulses were passmg up it, but there is nothing to 
mdicate the nature and frequency of these impulses 

The following experiments have been made with spmal (decapitate) 
and decerebrate cats and with rabbits aneesthetised with urethane 
One vagus was divided at the level of the lower border of the thyroid 
cartilage, and the lower, distal portion was dissected out as far down as 
the sternum and placed on the electrodes, the distal part of the nerve 
bemg looped over a glass hook to prevent the pulsations of the carotid 
from bemg transmitted to the electrodes tVhen contmuous records 
were required the shadow of the capillary was thrown by a tram of 

1 Erlanger and Gasaer have shown that there are probabir differences m the tune 
relations of vanoua classes of sensory impulse, bat they are scarcelv great enough to be 
detected m the ptesetit -records 


5—2 
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mirroxs on to tlie slit of a camera containing cmematograpli film driven 
at a constant rate by an electnc motor The movements of respiration 
were recorded on the same film by a lever connected by a thread to a 
flat plate restmg on the chest of the animal 

Typical results are shown m Fig 9 Fig 9 A and B are from the 



Fig 9 Portions of continuous records on cinematograph film from vogns and oaidiso 
depressor nerves Time marker (on C) gives 02 see 

A Spmal oat. Artificial respiration Becord from vagus showing cardiac (c) and 
respiratory impulses 

B Decerebrate cat Natural respiration Cardiac (c) and respiratory impulses 
C Rabbit, urethane Record from vagos 
D and E Ditto Record from cardiac depressor 
F Ditto After mjeotion of adrenalm 

cat and impulses of depressor origm are therefore mcluded These occur 
m groups at the same rate as the heart beat and each group is marked c 
m the figure, but their consideration may be deferred as they can be 
studied more convemently m the rabbit The respiratory efiect is qmte 
clear Oscillations occur durmg expiration as well as mspiration, but 
their frequency and amphtnde is greatest at the height of inspiration 
and least at expiration The most stnkmg result is the absence of any 
sign of a renewed discharge of impulses at the moment when the limgs 
are most deflated In the records from the cat there is very httle activity 
in the vagus throughout the penod of expiration apart from the groups 
of cardiac impulses In the rabbit there are more oscillations dunng 
expiration though the increase on expansion of the lungs is clear enough 
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Tks difEerence may be due to tbe fact that the breathing was shallower 
and more rapid m the rabbits, so that the lungs were never as completel) 
relaxed as m the cat, but the oscillations might also be due to impulses 
m sensory fibres commg from other regions than the lung 

Nalure of slimidus to lagal endings The increased flov of impulses 
duimg inspuatiou might be due to the actual mo\ ement of expansion of 
the lungs or to the state of tension produced m the tissues, or to both 
In a number of experunents the tube from the trachea was clamped and 
the lungs allowed to remam m the expanded or relaxed state for several 
seconds before the record was made Typical records are given in Tig 8 
In one of these experiments the lungs were allowed to remain inflated 
for 20 secs , but the oscillations were as clearly marked as in records made 
dumig the actual movement of expansion Clearly then the state of 
expansion of the lung is an effective stimulus to the vagal endmgs and 
the flow of impulses contmues as long as the tension is mamtamed, just 
as it does m the afferent fibres from a skeletal muscle Smce there is a 
steady flow of impulses as long as the lungs remam expanded, the total 
number of impulses reachmg the centre will go on mcreasmg until the 
lungs are relaxed If the effect of the impulses on the centre is cumula- 
tive, this would account for the fact that the contraction of the expiratory 
muscles becomes greater and greater as long as the breath is held 

If the lungs of a spinal cat are deflated forcibly and the trachea tube 
is then clamped, a record taken 2-3 secs after does not show any more 
oscillations than are present if the chest is merely allowed to deflate 
itself Indeed, as far as these records are concerned, there is no evidence 
that deflation of the lungs is an effective stimulus to the vagal endmgs 
Nature and Frequency of impulses Analyses of two records are given 
m Fig 10 The tune relations are much the same as those m the cat’s 
mtemal saphenous, though here too the temperature of the nerve was 
not accurately controlled. The maximum fteq^uency with the lungs 
inflated has been 450 for short periods 

The close hkeness of the records from the vagus, mtemal saphenous 
and from the frog’s sciatic suggests either that all the sensory fibres 
concerned are very much ahke, or that the characteristic record is an 
artefact with oscillations determmed by the recordmg instrument This 
possibihty has been discussed already and rejected, and if further 
evidence were needed against it, it is supphed by the records from the 
cardiac depressor which are of an entnely different character 
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E Impulses tn tlie cardmc depressor 
The rabbit’s cardiac depressor is a very slender nerve made up 
entirely of afferent fibres from the heart Eor this reason the responses 
m it are large compared with those of a mixed trunk hke the vagus or 
sciatic Typical electrometer records are given in Fig 9 D, E and F, and 
an analysis of one complete cardiac cycle m Fig 10 The responses occur 




Fig 10 Analysis of records from internal saphenous i agns and cardiac deprcisor 
Saphenous A. ATonophosio no added stimulus 
B Diphasic, skin of leg pmched. 

Vagus (spmal cat) A Slouophnsio, lungs deflated 3 secs. 

B Diphasic, lungs inflated 3 secs 
Cardiac depressor Rabbit Initial ware marked I dicrotic’ 2 


m groups synchromsmg with the heart beat with a distinct pause 
between successive groups The pause (presumably diastohc) is broken 
abruptly by one or more very large oscillations of E M f followed by a 
rapid succession of smaller oscillations Before these have died out 
completely there is nearly always another large oscillation (marked 2 in 
the figures) After a few more small oscillations the diastolic pause 
ensues Using an ordinary galvanometer Tschermak and Kosterfis) 
found that a negative variation was produced in the neiv’e by distension 
of the aorta, and m new of this we may take the first large outburst of 
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impulses as due to the nse of pressure m the aorta at the hegmmng of 
the Tentnculai systole and the second to the nse of pressure vrhen the 
aortic valves close Eecords from difierent animals or from the same 
animal at difierent times show a great vanation m the number of smaller 
oscillations The conditions determimng this have not been studied but 
an mjection of adrenalm ( icc ofa Olp c solution) mto the earvein of the 
rabbit was made m two experiments and was followed by a great increase 
m the number of oscillations, the smaller waves contmmng throughout 
the diastohc pause In the records of the cat s vagus if the decapitate 
preparation is used the groups of oscillations which show the cardiac 
and not the respiratorv rhythm have much the same character as those 
m the rabbit’s depressor but m the onlv decerebrate preparation the 
large mitial and “ dicrotic waves are not evident (Fig B) The obvious 
need for the correlation of these records with deterinmations of the 
blood-pressure makes further discussion premature 

The foregomg results have been put on record more as an mdication 
of the capabflities of the recordmg instrument than as a contribution 
to anv branch of phvsiologv AH of them sufier from the fact that the 
preparations employed have contamed manv afferent fibres and that 
we do not know how many are m action at a given time But the instru- 
ment IS clearly capable of recordmg the action current of a smgle nen e 
fibre even though it is surrounded bv a thousand or more inactive fibres 
m a large nerve trunk, and it should not be a matter of great techmcal 
difficulty to isolate a smgle sensory endmg and so to obtam tbe positive 
information lackmg m the present experiments Experiments on these 
hnes are m progress and have already reached a great measure of success 

Sttmuakt 

The paper describes a combmation of a capillary electrometer with 
a three valve amplifier which is capable of recordmg rapid changes of 
potential of the order of 01 millivolts with almost complete absence of 
disturbance from mechamcal and electrical artefacts IVith its aid it 
has been possible to record the action currents accompanying afferent 
impulses m the frog’s sciatic nerve when the gastrocnemius is stretched 
by a weight, m the cat’s mtemal saphenous nerve when the skm is 
pmched, in the cat’s and rabbit’s vagns when the lungs are inflated and 
m the cardiac depressor nerve of the rabbit Xurnerous control observa- 
tions have been made to exclude the possibflity that the recorded oscilla- 
tions of potential are due to any other cause than the passage of impnlses 
in the nerve It is probable that many of the oscillations represent action 
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currents in a single nerve fibre, and these have the same general form 
and the same general tune relations (allowing for temperature differences) 
m aU the sensory nerves m which they can be isolated sufficiently for 
measurement There is no evidence that an mcrease m the stumilus 
mcreases the sise of the action currents m smgle fibres, but the frequency 
of the impulses m the nerve trunk increases and leads to interference 
and overlapping of impulses m different fibres When a muscle is stretched 
by a weight the discharge of afferent impulses contmues for as long as 
ten minutes, provided that the tension is mamtamed Similarly the 
passage of the impulses up the vagus contmues (for as long as 20 secs ) if 
the lungs are held m the expanded state No evidence was found of any 
renewed discharge of impulses m the vagus on deflation of the lungs 
More detailed analysis of these results is postponed until experiments 
have been made on preparations cont ainin g a known number of sensory 
endings, if possible only one 

I wish to express my thanks to Miss S Cooper for her valuable help 
m some of the earher experiments 

The expenses of this research were defrayed in part by a grant from the Government 
Grants Committee of the Eoyal Society 
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ON THE ELASTICITY OF SKELETAL MUSCLES 
By J LIXDHAED A^D J P MOLLEB 


{From the Loboratory Jot the Physiology of Gymiinslics, 

Uimersity of Copenhagen ) 

Ix text-books dealing ivitb tbe phvsiologv of muscles it is common to find 
a diagram sbomng the relation between length and load in skeletal 
muscles m excited and unexcited state respectneh The cimes, 
difiermg widely when the load is small approach gradually one another 
and unite when the load has become large enough to prevent shortening 
of the excited muscle The curves show clearly that the extensibihtv of 
the excited muscle is greater than that of the unexcited one These 
diagrams are based mainly on the mvestigations of E M eberti) 

Weber determined in a number of muscles “die Ausdehnbarkeit,” 

1 e , the difierence m length caused by mcreasing the load from p to pi, 
divided by the average length of the muscle and by the increase in load, 
or the increase m length caused by a load of 1 gm within the given 

mterval of length = 2 The experiments show that the 

excited muscle became more “ ausdehnsam ” i e , its coefficient of 
elasticity decreased The results of the experiments here concerned 
were controlled by means of swmg-expenments, the techmque of which 
is not mentioned m detail m Weber’s paper It was found that in 
excited muscles the time of an oscillation mcreased m spite of the fact 
that the muscle became shorter as well as thicker than in the unexcited 
state 

Kaiser p) adoptmg a swing-method of Wundt{3) seems to have 
arrived at sumlar results Neither the assumption taken as starting 
pomt not the conclusions of Kaiser are tenable, but he found on frog’s 
sartonus loaded with 21 5 gm that the time occupied by an oscdlation 
was mcreased when the muscle shortened m incomplete tetanus, m 
complete tetanus, however, the tune decreased shghtly Judging from 
the figures published it is justifiable to assume that the l^t-named 
result 13 m accordance with the former, but as no length-deternunations 
are given the figures cannot be mterpreted with certamty Also Wundt 
obtamed qmte sunilar results Both these authors sometimes found the 
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time of an oscillation unaltered when the excited muscle was not allowed 
to shorten, these occasional results may have been due to overloading 
of the muscle to such a degree that its structure was damaged, thus 
Kaiser loaded the frog’s gastrocnemius with 521 5 gm In other expen 
ments of Kaiser’s m which the load was reduced to 221 5 gm the time 
occupied by a swing mcreased when the muscle was stimulated, m spite 
of the fact that no shortemng took place 

Dreser made a series of experiments with increasmg Ioad(4) His 
result confirmed the theory of Weber so far as the elasticity of muscle 
proved to decrease with mcreasmg load On the other hand, Dreser’s 
residts did not agree with the formula of Wertheim(5) deduced by this 
author from Weber’s experiments supplemented by expenments on 
dead material by the author himself The formula of Wertheim, 

= aa;* + bx, represents a hyperbola with the top m the point of 
intersection of the coordmate-axes Dreser found, however, when 
calculating results of expenments of his own as well as those from the 
available hterature that the coefficient of in the formula with in- 
creasing load changed its sign, t e , the curve represented by the equation 
changed from a hyperbola to an eUipse with the parabola as a transitional 
state Dreser supposes that the discrepancies may be explamed by 
assummg that extension of the muscle causes it to contract and thus to 
counteract the extension, the author often observed fibrillar contractions 
in the muscles especially in the moment when the extendmg weight was 
removed, when the muscle was loaded the conditions of observation 
were more difficult Recent mvestigations of Eddy and Downs(O) seem 
to support this point of view 

Regarding the differences m shape between the elasticity curves of 
muscle and those of morgamc matenal it was shown by Wertheim 
that in drying muscle b (the coefficient of x in the equation) decreases 
towards zero, indicatmg that the curve of elasticity becomes a straight 
fine as m the case of morgamc matter Dreser is of opimon that the 
hyperbohc curve of muscle — and of orgamc matter on the whole — is due 
to the fact that the muscle consists of numerous elements arranged in 
such a manner that a small load causes stretch on a single or a feu 
elements only, while a somewhat heavier load affects the whole number 
of elements Thus the successive parts of the curve m fact belong to 
different elastic bodies 

In a senes of cntical papers Blix(7) deals with our problem, finally 
givmg it up as msoluble Blix emphasizes that stretch expenments 
cannot be utilized, because the length of a muscle for a given load is a 
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fmaction of time, wlien tfie muscle is loaded the length may increase for 
hours or days, and meanvrhile the muscle may die or its elasticity may 
he altered for other reasons Moreover Blix is aware of the fact that 
stretchmg may cause contraction of the muscle, and to a different degree 
accordmg to the strength and the duration of the stimulus, he has in 
fact anticipated the recent evpenraents of Gasser and Hill(^) uith 
quite the same results thirty years ago Recently Schleier(a) has 
experimented on the resting and the contracting muscle by means of a 
method devised by ^larey(io), he finds that the elasticitj -coefficient of 
muscle is less during contraction than it is during rest 

Lastly ive have a paper of Gasset and Hill(S) who have arrived at 
a qmte different result regarding the elasticity of muscle The authors 
mahe use of a new method m so far as they measure the damping effect 
caused by the resting and the contracting muscle on a swinging steel 
sprmg The residt is that the damping effect is increased to a v’ery high 
degree when the muscle is stimulated Yet it must be bom in mind that 
the swingmg sprmg, the mass of which is enormoiisl} much greater 
than that of the muscle, m each swing extends the muscle, and the 
method must therefore be regarded as in all essentials a stretch-method , 
it may thus give nse to some, at least, of the same errors as do the latter 
methods The most dangerous error, especially with regard to the method 
of Gasser and Hill, is that stretchmg may cause the muscle to contract 
If the muscle m the dampmg expenments is excited by the swinging of 
the strong steel sprmg — and it is not easy to see how this could he 
avoided — the immediate effect will go in the opposite direction of 
dampmg, and we have thus opened a way which accordmg to the 
mutual strength of the opposed forces may damp or prolong the duration 
of the swmgmg of the steel sprmg It is not clear that the authors havm 
done anything to prevent excitation of the muscle IVe cannot, therefore, 
accept then pomt of vuew before due allowance is made for this possible 
source of error 


In some prevnous papers two misimderstancbngs of a more general 
character are met with In the paper of Kaiser (2) as well as m the 
monograph of Triepel(ii) it is mamtamed that contiactihty is a special 
muscular property, the effect of which sometimes acts m the same and 
sometimes m the opposite direction of that of elasticity, thusrendermg 
the determmation of the elasticity of excited muscles difficult or im- 
possible We want to emphasize that the contracted muscle, hangmg m 
the myograph, as well as the unexcited one, is a physical object, the 
elasticity-coefficient of which may be determmed under the conditions 
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defined without regard to the fact that this object may possess other 
physical or physiological properties, in so far as such properties are not 
influenced by the experimental technique As Dittler(i 2 ) does not 
discuss the swmg-methods for determining muscular elasticity, pomtmg 
out the fact that the skeletal muscle in its natural position is never 
torquated, we want to emphasize further that the determmation of the 
coefficient of elasticity of muscle is a purely physical problem When 
this physical problem is solved the results may be apphed to physio- 
logical questions 

Most of the papers quoted above lead to the opinion that loadmg 
(and especially stretching) stimulates the muscle to contraction, and 
experiments performed by us accordmg to similar methods pomt m the 
same direction WThen we want to determine the effect of stimulation 
upon the elasticity of the restmg muscle, it will accordmgly be natural 
to omit as far as possible stretclung m any form We have found it 
preferable, therefore, to make use of a swmg-method and to charge the 
muscle with only a minimal load 

Method Our expenments have been made on the frog’s sartonus 
After cautious removal from the freshly killed 
ammal the muscle was fixed m the clamp of a 
myograph To the other end of the muscle a 
swingmg device consisting of a swme-bnstle at 
each end bearing a small baU of piceme was 
fixed by means of a frame of very thm brass 
wire The weight of the bristle and balls was 
0 363 gm , the distance between the centres of 
the balls 6 2 cm , and the moment of mertia 
related to a perpendicular axis through the 
middle of the bristle was approximately 2 45/982 
absolute imits From the brass frame a thread 
of 04 mm thickness dipped into a wide glass 
tube fiUed with tap-water, this stand furmshed 
the one pole of a secondary coil while the other 
pole was represented by the clamp of the myo- 
graph The resistance offered by the water 
when the thm metal thread was turned round 
its axis proved to be neghgible Care was taken 
of course to prevent any movement between 

the muscle and the swmgmg device as well as between the mutual 
parts of the latter Thus the length of the swinging part of the 
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muscle could be measured out e\actly between the tuo lines of fixation 
by means of a moveable point mounted on a stand bearing a milbmetre 
scale and provided by a worm-gear ubicb permitted of rapid changes 
of the position of tbe mdes Tenths of a milhmetrc could be read off 
Tune was taken by means of two stop-watches, the turning of the balls 
was observed directly, tenths of a second could be read off and the tuo 
readmgs were averaged If possible five oscillations were obseri ed but 
when the muscle could not keep its length constant during long a 
period the number was reduced , the time occupied bv a smglc oscillation 
bemg always sufficiently long to secure a reliable readmg The whole 
system was made to oscillate bv blowing genth on one of the balls 
In each senes of experiments the corresponding values of length and 
penod of swmg were first determined on the resting muscle in tuo or 
more experiments, then a tetanizmg current was sent through the 
muscle and the detenmnations repeated at vanous degrees of shortemng 
The coefficient of elasticity E ma\ be calculated from the equation 


In this formula ( means the time occupied by one oscillation I the 
momentum of mertia, r the radius, and I the length of the swinging 
body, i IS a constant As, however, more of these magmtudes may be 
difficult to measure with any certamty, and as the absolute value of the 
coefficient of elasticity was considered of minor importance as compared 
with the relative value of the coefficient m the excited and the unexcited 
state of the muscle, the above formula was modified As a matter of 
fact the volume of the muscle is not altered to any appreciable extent 
durmg contraction, and hence with a fair approximation we have 
(2) 


where the mdices 1 and 2 refer to the restmg and to the contractmg 
muscle respectively If we now mtroduce these mdices m the formula 
(1), and if m the second of these equations for we substitute the 
expression for derived from (2), then this equation divided by the 
first gives the formula 


(3) 


5i_!£ 


V'O;’ 


when a=r>/P 


In this formula the figures r, I and I are ehmmated, the only figures 
needed from the experiments are I and t, the correspondmg values of 
which may be ascertamed m the manner described above 

In the first two senes of experiments (Tables I and H) the muscle 
was employed m its natural form, as however the formula concerned 
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presuppose cylindrical bodies tbe edges of the muscle m later expenments 
(Tables III and IV) were cautiously cut away in sucb a manner that the 
central portion of the muscle utilized had a nearly circular cross section 



Fig 2 Abscissa = relative length Ordinate 

Table I Table 11 

@ Rest before stimnlation 0 Rest before stimulation 

• Stimulation x Stimulation 

O Rest after stimulation + Rest after stimulation 


No of 
Expt 

length 

cm 

Time for 

1 OSClII 
sec 

o = lV' 

Table I 

lin p c 


Expt conditions 

3 

2 GO 

2 08 

244 

100 

1 

Rest before stimulation 

I 

1 38 

1 32 

1 61 

53 

0 02 

Stimulation 

1 

1 60 

1 58 

1 36 

58 

0 65 

Rest after stimulation 

2 

1 98 

2 30 

1 47 

70 

0 60 

4 

2 51 

3 10 

1 06 

90 5 

0 68 

J 

1 

1 85 

2 49 

1 02 

71 

042 

Stimulation 

1 

1 60 

1 00 

1 32 

58 

0 64 


4 

2 41 

3 29 

1 29 

Table II 
100 

1 

Rest before etimulation 

3 

1 60 

2 31 

0 03 

02 

0 49 

Stimulation 

1 

1 74 

2 62 

0 83 

72 

0 64 

Rest after stimulation 

1 

2 10 

3 27 

0 94 

90 

0 73 

»> 

1 

2 42 

3 70 

1 03 

100 

0 80 


2 

141 

1 90 

0 78 

68 6 

0 005 

Stimulation 

1 

1 13 

1 13 

1 13 

47 

0 88* 


1 

1 64 

2 24 

0 73 

04 

0 67 


2 

2 47 

* For unlcnoirn reasons obviously fallacious 

Table IH 

6 81 4 47 100 1 Rest before stimulation 

1 

2 50 

6 32 

3 91 

100 

0 88 

Rest after stimulation 

1 

1 70 

6 60 

1 81 

71 

0 41 

Stimulation 

1 

2 14 

6 85 

2 09 

87 

0 47 

Rest after stimulation 

1 

2 29 

0 86 

2 50 

93 

0 57 


2 

180 

4 03 

0 359 

Table 11' 
100 

I 

Rest before stimulation 

1 

0 80 

3 40 

0 056 

48 

0 15 

Stimulation 

1 

1 64 

4 90 

0 152 

86 5 

0 42 

Rest after stimulation 

1 

1 35 

445 

0 124 

75 

0 35 

Stimulation 

1 

1 49 

3 85 

0 223 

83 

0 02 

Rest after stimulation 

1 

1 64 

3 72 

0 319 

91 

0 69 




elasticity OF M16CLL 

The table- and figures sho^ that all the muscles examined bchai e m 
prmciple mthe same manner onh quantitatne differences are found 



Tabl» Ur Tabl 1\ 

5 ‘^imulatuiti c; tore 5 imulalion 

0 — timulation ^tiraulaiion 

C B‘-=t atw Etunulatiotu - P^.t aft<r ''imulati n 

and It mav be noted especiallv that the changes are most pronounced 
m the circular muscle-stnps It is evident that the coefficient of elasticitv 
alvavs decreases vrhen the muscle is stimulated it is further evident 
that the new elastic state of the muscle caused bv excitation does not 
pa-s avrav unmediatelv when stimulation ceases but vamshes graduallv 
as the muscle regains its original length Yet the two changes do not 
seem to he cansativelv umted sometimes the ela-ticitv reaches its 
ongmal level before the original length is reached and sometimes we 
find the reverse order of events It mav be noted that the slope of the 
curves m Figs 2 and 3 is rather arbitrarv owmg to the relativelv small 
number of contraction experiments it is probable that a more extensive 
material would prove the fall at the begmnmg of the curve to be some- 
wbat steeper 

It might perhaps he supposed also that the tor-ion of the swinging 
muscle might act as a stimulus and give rise to localized contraction 
If so the eSect would mcrea^e with mctea-ing amphtude of the oscilla- 
tion, the experiments have shown however that no such mcrea-e takes 
place On the other hand, the stretch on the muscle is influenced also 
bv the load, being less when the load as m our case is very smaU. dVe 
do not beheve howe^er that gentle movements going on verv sfoirfp 
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are able to stimulate an unloaded muscle, and moreover it must be 
remembered that a partial excitation of tbe resting muscle must ohauge 
its elastic properties in tbe direction of those found du ring contraotioii 
and thus tend to dimmish the differences foimd m our expemnents 
In other words, the difference found by us between the coefficient of 
elasticity of the muscle m the resting and the excited state is a minimum 
value 

The viscosity of the muscle has not been taken mto account m these 
investigations, future experiments may decide whether t his property is 
altered by stimulation 

StlMMABY 

The relative coefficients of elasticity of the restmg and the excited 
muscle are deter min ed 

The experiments show that excitation of the muscle causes the 
coefficient of elasticity to decrease This change takes place rather 
suddenly while the ongmal restmg level is regamed gradually and 
independent of the simidtaneous changes m length 


REFERENCES 

1 Weber Muskelbewegung m Wagners Hdir der Physiol 3 n (Brannsohiveig) 

1846 

2 Kaiser Ztsch f Biol 38 p 1 1899 

3 Wundt Die Lehre V d Uoskelbewegung p 1 (Braunsohireig) 1868 (Cit Kaiser) 

4 Dreser Arch f exp Path u Pbarm 27 p 60 1890 

6 Wertheim Ann de chimie ot de physique 3 21 p 386 1847 

6 Eddy and DoTrns Amer Joum Physiol 60 p 182 1921 66 p 188 1921 

7 Bill Skand. Aroh. f Physiol 3 p 295 1802, 4 p 399 1893,5 pp 160 and 173 

1895 

8 Gassor and Hill Proo Roy Soo B 90 p 398 1924 

9 Sohleier PflugersAroh 197 p 643 1922 

10 ilarey Du monvement dans les fonotions de la ne (Pans) 1808 

11 Triepel Physikahsohe Anatomie (Wiesbaden) 1902 

12 Dittler Abderhalden’s Hdb d biol Arbeitsmethoden V 6 a p 1 1922 



THE INTERPRETATION OF THE ELECTROMYOGRAM 
OF STRIATED MUSCLE DURING CONTRACTIONS 
SET UP BY CENTRAL NERVOUS EXCITATION ^ 

By J G BUSSES de BAREXNE axe J F 6 BREV^E 

(Fro?j! the Physiological LaboratoTy of the UiiHcrsUy, Utrecht ) 

Striped muscle contractmg as a result of impulses from tlie central 
nervous system exlubits frequent action currents For the voluntary 
contraction of buman muscles this was first shown by Piper (i) and 
Florence Buchananp), for the contraction of muscles under decere- 
brate rigidity by one of us (3, 4), for other different kmds of reflex con- 
' tractions by Beritoff(5) and for the respiratory contractions of the 
diaphragm by D ittler and Garten(6, t) Piper stated that the action 
currents of human muscle during voluntary contraction show a fairly 
regular rhythm of 50 oscillations per second This statement has not 
been generally accepted Xearly all obseners agree that the action 
currents of voluntary contracted muscles are irregular, not rhythmical, 
and that their frequency is much higher than Piper stated, mostly one 
finds frequencies recorded of 100-200 per second About 160 may be 
regarded as the ordmary average 

There is less agreement as to the origm of these action currents, i e 
whether the action currents led off from the muscle represent a peri- 
pheral, muscular rhythm or whether they are of nervous central origm 
Buchanan defended the first view, Piper the second Dittler and 
GartenU) estabhshed an important fact bearmg on the question 
Registering electrograms from the diaphragm as well as from the phrenic 
nerve durmg the respiratory movements of the animal, they showed that 
these two curves, the electroneurogram and the electromyogram, were 
nearly identical From this fact they concluded that every natural 
unpulse of the phremc nerve is followed by an excitation of the muscle 
Gasser and Xewcomer(8) some years ago corroborated this statement 
But the mterpretation of the rapid oscillations of the electromyogram 
m contractions of central ongm, as the expression of a muscular rhx^hm 

1 For a fuller account of the expenmenta, see Dissertation br Dr Brevee, Electronn o 
graphische Onderzoekingen by verschiUende Tormen ran centrale mnerraUe bu de kat 
Utrecht 1925 ■" 
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put forward for the first tune by Buchanan, has also found ardent 
defenders Forbes and Ilappleye(9), repeatmg the older experi- 
ments of Buchanan with warmmg and coohng of the contracting 
muscle, found that warmmg the muscle gave rise to an augmentation 
of the frequency of the action currents, whereas lowermg of the tem- 
perature resulted m a depression of the frequency From this observation 
they concluded that “the rhythm of action currents appearmg m the 
electromyogram of human voluntary contraction is no direct mdex of 
the rhythm of central innervation mvolved in the act ” On account of 
evaluations of the absolute and relative refractory periods of nerve and 
muscle, as known for cold-blooded animals from the work of Keith 
Lucas and Adrian, Forbes and Rappleye came to the view that the 
spmal motor mechanisms discharge impulses at a frequency of 300-400, 
perhaps up even to 1000 per second With this high frequency, at least 
with that of 1000 per second, many impulses will fall withm the absolute 
or the beginnmg of the relative refractory period, so that according to 
these authors the muscle wdl respond with a frequency of 100-150 per 
second only They based their reasonmg on some experimental data of 
Beritoff, who showed that the muscle of the frog durmg reflex stimula- 
tion exactly follows the rhythm of the afferent stimulation up to a 
frequency of 250 per second, but that at higher frequencies of stimulation 
the frequency of the action currents went down to 160 per second, and 
m some parts of the curves down to 100 per second The possibdity of 
the hypothesis of Forbes and Rappleye must therefore be admitted 
Later mvestigations of Cooper and Adrian(io), however, lead to the 
conclusion that it is very improbable that the frequency of the spmal 
centrifugal impulses durmg central innervation is too high to be followed 
by the muscle 

In support of their view, that the frequency of the muscular action 
currents is not the expression of the central nervous impulses, Forbes 
and Rappleye argued as followB(9, p 243) “The change of rhythm 
attendmg change of temperature would be mexphcable on any such basis 
For why should a change m the temperature of the muscle cause a change 
m the frequency of discharge of impulses from the ganglion cells, whose 
temperature remams constant? This might conceivably be, if afferent 
impulses commg from the muscle modified the nerve centres so as to 
alter its frequency of discharge , but this assumption is far fetched and 
mvokes nervous influences to which we know of no analogy With 
regard to this we may remark that such a state of thmgs is quite possible 
Beritoff, in 1913, argued that the frequency of the reflex response viH 
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be determined by that part of tbe reflex arc Tvbicb has the longest 
refractory period, tbe experiments of Cooper and Adrian ba^e sbo\\Ti 
that striped frog muscle when cooled reacts so slowly that it becomes the 
limiting factor It is probable that the warm-blooded muscle ill be still 
more sensitive m this respect Eurthermore, we ha^ e at present various 
experimental data which show that the “assumption,” which Eorbes 
and Eappleye m 1917 could call “far fetched,” must m fact be made, 
for we know that various afierent impulses play an important role m 
the genesis of the high frequency of the action currents under central 
innervation 

Some years ago one of us (4^ show ed that the frequency of the muscular 
action currents m decerebrate rigidity and durmg voluntary contraction 
of human muscle is distmctly diminished after abolition of the pro- 
prioceptive impulses from the contractmg muscle F or the human muscle 
he abolished them by intramuscular mjection of novocame, in the cat 
by section of the posterior roots But it is not only proprioceptn e 
impulses which have an influence in this respect, for the same author 
also showed that impulses from the labyrinths have, in many cases, an 
analogous influence Further, one of us, together with J B Zwaar- 
demaker(U), found that after section of the vagi m the neck, or 
blockmg of these nerves by local novocame poisonmg, the frequency 
of the action currents of the diaphragm durmg its respiratory contrac- 
tions undergoes a distinct change, m this case an augmentation 

The experimental data mentioned above show that various afferent 
impulses have an important mfluence on the frequency of the action 
currents of a contractmg muscle, this factor may, therefore, have played 
a role m the coohng experiments of Buchanan, Forbes and Rap- 
pleye 

From their experiments on frog muscle Cooper and Adrian came 
to the conclusion that the frequency of the spinal impulses is the same 
as that of the action currents m the electromyogram We might mention 
also the experiments of AthanaBiu(i2), from which he concludes that 
the nervous impulses going to a mammahan muscle have a frequency of 
300-550 per second, but the views of this mvestigator have been fuUy 
criticised by Lapicque(i3), Cooper and Adrian, and Forbes and 
McKeen Cattella4), we thmk therefore that we need not dwell upon 
them here 

The above-mentioned experimental data by Dusser de Barenne 
were the starting-pomt for the researches related m this paper 
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The frequency of the action currents of a muscle during contradions of central 
onyin, when all, or nearly all, afferent muscles are abolished 

We thought that this problem might be attacked lu the following 
way A portion of the central nervous system, e g the cervical part of 
the apinal cord, is separated by transection at the medulla oblongata 
and at the junction of the cervical and thoracic spmal cord The doieal 
surface of the cervical cord is exposed By touching this surface con- 
tractions of an arm muscle, e g the triceps brachu, can be elicited and its 
action currents recorded with a strmg galvanometer Then all theposterior 
roots of the isolated cervical cord are cut and again by mechanical 
stimulation of the cord at the same spot a contraction of the triceps 
evoked and its action currents taken Finally, the sensory mechanisms 
in the posterior grey matter of the cervical cord are narcotised by local 
apphcation of novocame Agam the muscle is made to contract m the 
same way What is the frequency of its action currents m these several 
conditions^ 

Method Thirty-eight experiments were made on the cat and a few on 
the frog The experiments on the cat were made on the decapitate prepara- 
tion after Sherrington, with the modification that after the transection 
of the meduba at the calamus scriptorms, the head of the animal was not 
cut ofi but kept fixed m the mouth-holder as a good fixmg-pomt The 
temperature of the ammal was kept at 38° C with a contact-thermometer 
m the rectum and electric lamps under the operation table 

Before transection of the medulla the dorsal surface of the spmal 
cord was exposed from the 1st cervical down to the Srd or 4th. thoracic, 
special care bemg taken to mjure as little as possible the segmental 
blood supply Immediately after transection at the calamus scriptorms 
the ether narcosis was discontmued and artificial respiration begun 

After exposure of the dorsal surface of the cervical cord, the electrodes, 
by which the action currents were led off to the galvanometer, were 
thrust mto the muscle, we made use of silver needle-electrodes, coated 
galvanoplasticaUy with a layer of AgCl For the application of these 
electrodes a small hole was made m the skin, leaving the subcutaneous 
fascia over the muscle intact All experiments m which the cervical 
cord was isolated and exposed were made on the triceps brachu Some 
experiments were made on the M gastrocnemius, m these the lumbo- 
sacral region was exposed and a second transection made of one of the 
last thoracic segments The muscle, the action currents of which were 
registered, uas stretched so that the contraction of the muscle was 
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practically isometric, tliis has the great advantage that nearly no dis- 
placement of the string through “deformation currents ’ occurs 

The Tise ot needle-electrodes (Rehn), espccmllv of Ag— AgCl electrodes, in tins kind 
of rrork is of great advantage, because (1) the great elcctnc resistance of the skin is 
ehimnated, (2) it is possible to lead oH from a very small number of muscle fibres The 
Ag—AgCl' electrodes, although not absolutely non polansablc, are practicallv non 
polansable as a matter of fact the polarity of the electrodes m expenmenls such as these 
matters very bttle, if at all, because of the verv rapid, very rveak and alternating cbaractcr 
of the action currents 

The electrodes were alvays thrust mto the distal third of the muscle 
and m the direction of its long axis, the electrodes then he hoth on the 
same side of the “nervous equator” of the muscle and as nearly as possible 
parallel to the muscle fibres The distance of the electrodes from each 
other ivas altvays | to 1 cm and their depth in the muscle substance 
to 4 cm The operation table was electrically msulated by putting it on 
large paraffin blocks 

The type of strmg galvanometer used was the large model of 
Bdelmann, the current through its electromagnets bemg 3-3 5 amperes 
Its strmg was a gold strmg of 2 /j. diameter, the tension of which uas 
always adjusted so that it was nearly aperiodic m its deflection, and with 
this tension qmte regularly followed vibrations up to 060 or 670 per 
second 

Contraction of tbe muscle was produced, as described above, by 
gently touching the dorsal surface of the spmal cord, i e for contraction 
of the triceps brachu the dorsal surface of the 6th cervical segment, 
once or twice a second, m this way it is easy to obtain fair “tetanic” 
contractions of the muscle although the external stimulus is practically 
not periodic Between these mechamcal stimulations of the spmal cord, 
the exposed part of it was covered with a moist piece of cotton wool 
and this again with a large dry pad of cotton wool In this way local 
temperature changes of the cord were, as far as possible, avoided 

After the registration of the normal tetanus of the muscle, the dorsal 
spmal roots of the exposed portion of the cord were, m the earlier 
experiments, cut on both sides, ? e when expenmentmg on the cervical 
cord, all the posterior roots from C 1 down to Th 3 or 4 were cut 
Then a contraction of the muscle by mechanical stimulation of the cord 
was again elicited and its action currents taken In the later experiments 
when It was found that the frequency of the action currents showed no 
decrease through this de-afierentation of the muscle, this operative 
procedure was omitted After the registration of the normal electro- 
myogram the next step was made directly, i e the openmg of the dura 
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for the local apphcatioa of the novocame solution (of 1 or 2 p c ) on the 
whole dorsal surface of the exposed portion of the cord Then every 
6 or 10 minutes a contraction of the muscle was elicited m the way 
described above and its action currents registered The “tune” was 
recorded m all curves by a chronoscope of 10 double vibrations per 
second Because of the irregularity of the action currents m these 
experiments, just as m our former researches on action currents imder 
central mnervation, we counted all the waves m the record, however 
small, over as large an area of the curve as possible, nearly always over 
0 5 second, sometimes even over 1 second, exceptionally over 0 3 second 
Exj)enmental Jesuits It was soon found that the activity of the 
isolated portion of the spmal cord, after transection at the 3rd-4th 
thor was m general greatly depressed and that m some cases it dis 
appeared This dunmution is readily explained by the profound de- 
pression of the arterial blood-pressure, which occurs after this 
transection In some preparations, m which the excitability of the 
isolated spmal cord remamed good, notwithstandmg this factor, it was 
found that the frequency of the action currents before and after 
transection at the level of the 3rd or 4th thor was the same, there- 
fore, we have m the later experiments omitted this transection and 
worked on the decapitate preparation, m which the fimctional activity 
of the cord remams good for hours 

We first studied the mfluence of blockmg of aU afferent impulses 
from the periphery by section of the posterior roots of the isolated part 
of the spmal cord We found that in nearly all experiments no, 
or no appreciable, diminution of the frequency of the action 
currents of the contracting muscle after section of the pos- 
terior roots could be observed 

The subjommg protocol and Figs 1 and 2 show this distinctly 


Exp 1 Cat Ether narcoais, traoheal cannula, artificial heating, carotids tied vagi 
out artificial respiration, exposure of spinal cord from C 1 to Th 4 3 30 Decapitation 
Ether off Ag — AgCl electrodes in right 31 tnceps 3 48 Mechanical stimulation of the 
dorsal surface of C 6 by touching once or tivice a second rectal temperature 37 8 C 
Frequency of the action currents of the contractmg 31 tnceps 97 x 2 = 194 per second 
(see Fig 1) 3 63—3 68 Section of posterior roots on both sides from C 2 to Th 3 (con 
trolled by autopsy) 4 02 Slechamcal stimulation ns before, rectal temperature 3(0 C 
Frequency of notion currents of 31 tnceps 90 to 97 x 2 =193 per second (sec Fig 2) 


From this and similar experiments, it may be concluded that the 
frequency of the action currents is not dimmished by section of the senes 
of posterior roots, even a few mmutes only after the de-afferentation 
It might seem that this fact is m contradiction with the experiments 
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o{ one of ns(4), already mentioned There is, however, a very plausible 
explanation for this discrepancy In these experiments the propno- 
ceptive impulses from the contractmg muscle were of course cut ofi, but 
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Fig 2 

by the mechanical stimulation of the spmal cord its sensory mechanisms 
m the posterior horns are stimulated directly and thereby the peripheral 
proprioceptive impulses are replaced by artificial central impulses 

Because the de-afferentation had no effect on the frequency of the 
action currents under the conditions of these experiments, we have m 
our later experiments omitted also this operation, which is of course of 
great advantage for the functional condition of the spmal cord, smce 
its blood supply is less mterfered with Therefore, m the later experi- 
ments, after recordmg the normal electromyogram, we immediately 
proceeded to the local narcotisation of the sensory spmal mechanisms 
by the application of the novocame solution 

The result of these experiments and also of those where we applied 
the novocame after section of the posterior roots has, without exception, 
been the foUowmg In all experiments there was a distinct 
diminution of the frequency of the action currents after 
the local narcosis of the sensory spinal mechanisms This m 
many experunents mcreased gradually with progress of the narcosis In 
some experiments, even, a very slow, very regular rhythm 
developed 
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It IS perhaps best to consider here what we believe to occur in these 
experimente during the mechanical stimulation of the spmal cord By 
touching the dorsal surface of the spinal cord, probably not only the 
mtraspinal posterior root fibres are stimulated, but also the nerve cells 
of the posterior horns (the “Schaltneurone”) and the motor neurones 
m the ventral gray matter The excitations ehcited m all these systems 
finally flow out along the motor nerve fibres and give rise to the “ tetanic” 
contraction of the muscle with its concomitant electrical phenomena 
By the local novocame appbcation the two first-named systems will 
gradually become more and more narcotised, so that with progressive 
local narcosis only the motor neurones, shielded by them ventral position, 
can transmit their excitation to the motor nerve fibres 

It IS of course impossible to pick out m every experiment a definite 
stage of local narcosis, so that more or less accidentally, m some ex- 
periments we were able to observe a fairly gradual dimmution of the 
frequency of the action currents, whereas m others there was quick dis- 
appearance of all action currents In some of the experiments there was 
a stage m which the action currents became not only less frequent and 
more regular, but m which a very regular rhythm of the action currents, 
a true “smusoidal” rhythm, developed The subjommg protocols and 
figures will substantiate the above 

Exp 2 Cat Preparation as in Exp 1 Spinal cord exposed from C 1 to Tli 3 
11 25 Decapitation Etlier off Ag — ^Agd electrodes in right tnceps 1 50 Slight 
mechanical stimulation of dorsal surface of cervical segment 6 once or tmce a second 
Action currents of M triceps recorded. Frequency 100 to 101 x2— 201 per second (see 
Fig 3) rectal temp 37 2° C 2 05-2 10 Posterior roots from C 1 to Th, 3 on both sides 


Fig 3 


Fig 4 


out 2 32 Local application of 1 p c novocame solution on dorsal surface of spinal cord 
^rom C 1 to Th. 3 3 02 Mechamcal stimulation of dorsal surface of C C ns a vc 
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Frequencr of nction currents 77 per second (see Fig 4) Rectal temp 

37 re 

In tlese evnves can be seen (1) n very distmct diminution ot tlie 
frequency of 61 7 p c of tbe action currents of the muscle after tbe 
novocame poisonmg of tbe spinal cord, (2) tbe great regularit\ of tlic 
action cuiients after tbe local narcosis Another experiment and set of 
curves are tbe follovrmg 

Exp 3 Cat Preparation ns m Exp 1 Spmal cord c'cposcd from upper limit C 1 
toTh.3 Kcarlvnobleedmg 2 20 Decapitation Ag—Aga electrodes in di«tal third part 
of right AI triceps, ca 1 cm deep and at 1 cm distance from each other Rectal temp is 
rather loir m con^eipuence of delay m heatmg 3 10 Alechanical stimulation of dorsal 
surface of C 6 as usual Action currents are shoim m Fig 5 Rectal temp 35° C Fre 
guenev 76 X 2 =152 per second. 4 02 Opening of the dura and local apphcation of a 2 p c 
novocame on the dorsal surface of spmal cord from C I to Th 3 4 24 Alechamcal stimu 
lation of C 6 as before Action currents of muscle, sec Fig C Rectal temp 34 7 C 
Frequenev 29 2 = 58 per second The refiei preparation reacts icn uell until at 4 35 
the preparation is destroved 


Fig 5 






Fig b 



Tbe frequenev of tbe action currents of the normal preparation is m 
this experiment someirbat lower than usual, probably because of tbe 
low rectal temperature , but stdl it is very clear that after tbe application 
of tbe novocame a very large dimmution of tbe frequency, in this case 
from 145 to 56 per second, t e a dimmution of S9 out of 145, 7 e of 
61 p c occurred Tbe great regularity of tbe action currents after tbe 
novocame apphcation is also very strikmg 

One of tbe experiments m which a gradual dimmution of the fre- 
quenev of the action currents, as well as a gradual declme m ampbtude 
Se foU^g regularity of tbe action currents occurred, is 

Exp - 1 . Cat Preparation 


asmTxp 1 2 25 Decapitation 3 01 Actiou currents 
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oI Fig 7 Rectal temp 33 5° C Freqaencv 57 x 2 = 114 per cecond 3 02 Action 
currents of Fig S recorded this contraction of the muscle ivas an after discharge after 
the stunulation of Fig 7 Freqneacv 104 per second Since the frequence m Fig S nas 
Eomeerhat lower than in Fig 7, we waited a quarter of an hour to sw if the frequency 
remained constant 3 15 Action cnirents of Fig 9 Frequenev 53 x . -lOB per se^nd 
3 ‘’3 Annhcation of 2 p c novocaine to the dorsal surface of spinal cord from t 1 to ih. d 
3 30 Action currents of Fig 10 recorded. Rectal temp SB' C Frequenev 4S x 2=96 per 
3 39 Fr^xieucv of action currents as m Fig 11 i e 42 x 2 =84 per second* Rectal 
temp 36° C 4 05 AcUon currents of Fig 12 RccHl temp 36° C Frequenev 10 x Y =53 
per second 


lu tins esperimerLt also the dunmution m frequenej" is prominent, 
being 53 p c The gradual development of the final very regular type of 
action currents is also very clear 

As we have said, all our experiments on the cat yielded the same 
result, but vre thought it advisable to make also some experiments on 
the frog The foUowmg is an example 


Fig 13 




Exp 5 Sana t«c. 9 30 Transection of the spinal cord directly behmd the occiput 
Eram destroyed. Exposure of spinal cord over its full length. After that prompt reflexes 
Cord covered with wet cotton wool and animal left to itself untd the afternoon (room 
temp 8° C ) 1 30 An i m al pinned on a paraESn block in prone position, hind legs stretched 
and m maximal abduction. The jomts of the legs are also pinned to the block and the pelvis 
fixed. Ag— AgCl electrodes m left 3L semimembranosus at about 6 mm distance from each 
other 1 50 Prompt reflexes on pmchmg of toes and other parts of the body 2 30 The 
spinal cord m its caudal region is touched once verv shghtly with the end of a piece of 
cotton wool, twisted round forceps Strong contraction of the mnscle its action currents 
are given m Fig 13 Frequency of x 2 =102 per second. 2 44. Local application of 2 p c 
novocame m frog Rmger on dorsal surface of the whole spmal cord. 2 50 Prompt reflexes 
though less stong than 1 30, on pmchmg ilechanical stimulation of spinal cord as above’ 

Frequenev of action currents 40x2 =80 per second (Fig 14) 2.55 Xo reflexes ehcitahle 

On mechamcal stimulation of the spmal cord in the wav described, a distmct, though feeble 
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oontraotion of the M senmnembranoaaB is elicited, its action 
currents are given in Pig 16 Prequenoy 60 per second of a 
nearly perfect sinusoidal regulanty 

From this example it will be seen that m the 
frog the same result is obtamed as m the cat and 
that a perfectly regular type of action currents 
develops In Fig 16 it will be seen that only m one 
place, at the arrow, the regularity of the curve is 
broken The rhythm is so regular that one might 
think of an artefact from stray altematmg currents 
This, however, is not the case, without excitation 
the strmg was perfectly at rest 

Discussion 

Smce m the records of our experiments the 
action currents after the local novocame poisonmg 
often become smaller, it might be thought that the 
reduction m sixe would lead to the disappearance 
of some of the mmor elevations of the curves Even 
if we accept this explanation to some extent, it 
cannot be accepted on the whole We have shown 
records m which, notwithstandmg a distmct dimi- 
nution m amplitude of the action currents, then- 
frequency remamed unchanged and we have even 
given curves where the very slow and regular action 
currents of the final stages of the experiment are 
larger than most of the action currents of the 
correspondmg normal electromyogram Thus in 
Figs 3 and 4 there is a large difierence m size of 
most of the action currents, while the frequency is 
the same In Fig 4 the frequency is only 77 per 
second, m Fig 3, on the contrary, 201, although it 
is very clear that the amphtude of most of the 
action currents in this last fi^gure is much smaller 
even than m Fig 4 with the low frequency 

Another explanation of the dimmution of fre- 
quency might be looked for m the fact that the 
contraction of the muscle becomes somewhat 
smaller durmg the progression of the local narcosis 
of the sensory spmal mechanisms We cannot 
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Fig 16 
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accept this explanation either Various workers have shown already 
that, at least m wann-hlooded animals, the frequency of the action 
currents of contractions of different strengths remains the same 
Piper, Dittler, Porhes, Garten and Dusser de Barenne have 
shown this for various kmds of contraction under central innervation 
In these experiments we confirmed this statement Contractions of 
drSerent strength m the same animal also ga\ e the same frequency of 
action currents , even durmg the declme of a contraction the frequency 
IS the same as during the acme of another contraction Figs 16 and 17 
show this distmctly, the frequency in both curves is the same, 140 per 
second, although Fig 16 is taken durmg the acme of a vigorous con- 
traction, as shown by the large amplitude of the action currents, whereas 
Fig 17 was taken durmg a weaker contraction of the same muscle That 
this contraction was less powerful, is readily shown by its smaller 
action currents 


Fig 16 




Fig 17 



The same is also clearly shown m Fig 4, where we had the opportunity 
to take the action currents of a rather short contraction, so that we got on 
the record the action currents at the begmnmg, the acme and the declme 
of the contraction At first without excitation the strmg is at rest, but 
then small action currents begm which gradually become larger and then 
agam smaller It is clear also from this record that in all three stages of 
the muscular contraction the frequency of the action currents is exactly 
the same 

From these experimental data we may conclude that the dunmution 
of the frequency of the action currents m the conditions of these experi- 
ments IS not caused by the difference m height of the contractions m the 
different stages of the experiments So far as we can see, we can draw 
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only one conclusion, i e that the dimmutioii is caused by a dimiiiti- 
tion of the frequency of the impulses, descending from the 
central nervous system to the muscle The most plausibleex- 
planation seems to us to be that ivith progressive narcosis of the sensory 
spmal mechanisms the number of centripetal impulses playmg on the 
motor neurones gradually diminishes and that, when the final regular, 
slow type of action currents is developed, the dorsal sensory spinal 
mechanisms are wholly or nearly whoUy elimmated We therefore 
interpret this slow “smusoidal” rhythm of action currents as repre- 
senting the impulses from the motor neurones, the mtrinsic rhythm of 
the motor neurones, freed from the mterference of the numerous centri- 
petal impulses, which play normally on them and give rise to the high 
frequency of the normal electromyogram In this way we have also 
a plausible explanation for the irregularity, with regard to amplitude 
and succession of its action currents 

We must dwell a moment longer on this point At the base of our 
conception lies the view that the action currents of the normal electro- 
myogram under central innervation are the true image of the nervous 
impulses, descendmg from the nervous system to the muscle along the 
motor nerve fibres The adversaries of this view explam the irregularity 
of the action currents in the normal electromyogram by the supposition 
that not all the motor impulses reach the muscle m unison, but 
that the impulses m the nerve fibres are always more or less out of 
phase This explanation seems a ■pnori the most plausible, but on a 
closer examination there are various arguments which speak agamst it 
First of all there are the results of these experiments, for it is difiicult 
to see why the action currents would then become gradually more and 
more regular, so that finally a perfectly regular type occurs, notvith- 
standmg that the electrodes remam throughout the experiment m exactly 
the same position A further difficulty m that view is the fact that the 
electromyograms led off with the funnel electrodes, as formerly used, are 
exactly of the same type as those with the needle electrodes, although it 
IS clear that with the former kind a much larger number of muscle fibres 
are led off, and this ought to demonstrate itself in a more complicated 

electromyogram ThesameargumentcanbebroughtagamstLapicque s 

view (13) who remarks that the different chronaxies of the thicker and 
thinner nerve fibres may come mto account If this argument were valid, 
it IS very difficult to understand how the action currents of a tendon 
reflex, e y the knee reflex, can be a smooth diphasic action current (a fact 
first shown by Wertheim Salomonson), because then also differences 
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m pkase ought to be shovru by a fevr smaller notches or vra\ es, super- 
posed upon the large diphasic action current 

OueBSigMaTgQettatiVietneeTCfl^i'inDtaKflex.buta* pi^nphcnl pbcnomraQn a« 
Gowers stated long ago We cannot accept thi" argument because, apart from other 
considerations, we have often found m these experiments mth mechanical spinal stimula 
tion muscle twitches which were accompamed bv a smgle diphasic action current Thi' 
shows coucluavelT that a contraction of ‘ central ongm can be accompanied b\ one 
single diphasic action current 

A. strong argument for our view seems to be gi\ cn also bt the ev- 
perimeuts of Bass and TrendelenburgGo) in which thev led off 
simultaneouslv the action currents from two parts of a contracting 
muscle with two stnng galvanometers Thev found that the two curt es 
showed a verv close resemblance when the distance between the two 
pairs of electrodes did not exceed 5-15 cm This fact obtuoush must be 
interpreted as showmg that the motor neurones to the muscle fibres 
the action currents of which are led off act completeh or ntarlv com- 
pletely m unison and are not out of phase 

From these considerations and those gnen m the mtroducton 
remarks, we adhere to the x lew that the irregular action currents led off 
under suitable conditions from a muscle contractmg as a result of 
impulses from the central nervous svstem, are the representation of the 
uregular nervous impulses which flow to the muscle along its motor 
neurones 

We conclude, then, that the action currents of striped muscle under 
different forms of central innervation, such as voluntarv contraction m 
man contraction of the diaphragm durmg respiration decerebrate 
rigidity, mechamcal stimulation of spmal cord and other forms of reflex- 


contraction, show a high frequenev (from about 120 to 200 per second 
m various species and mdividuals) and are quite irregular This tvpe of 
action currents has its ongm in the fact that durmg the contraction 
there are set up m the muscle many centripetal proprioceptive impulses, 
which play reflexlv upon the motor neurones and superpose themselves 
upon the intimsic impulses discharged by these neurones But not onlv 
do the proprioceptive impulses play a role m this respect, hut also centri- 
petal impulses from other sources as was shown m former researches by 
one of us(4 U), I e from other muscles, the labyrmths, and interoceptive 
impulses 


By the method given m this paper, it is possible to abolish all these 
various centripetal impulses and to isolate, so to say, the action currents 
of the impidses of the motor neurones, and thus to brm^ forth their 
proper rhythm This proper rhythm is of a rather slow aud'very regular 
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type (about 50 to 70 per second), sometimes the action currents even 
give a nearly “sinusoidal” curve 

Summary 

1 Through mecbamcal stimulation, once or tvnce a second, of the 
dorsal surface of the spmal cord of the decapitate cat and spinal frog, 

tetanic” contractions of striped muscle can be elicited, accompanied 
by frequent and irregular action currents 

2 The frequency of these action currents varies in drSerentmdividuals 
from 100—200 per second 160 may be regarded as the average 

3 These action currents resemble closely the action currents led oS 
from striped muscle under other forms of central mnervation, such as 
voluntary contraction in man, the respiratory contractions of the 
diaphragm and decerebrate rigidity 

4 In the same individual the frequency of the action currents under 
central innervation is the same for different strengths of contraction 
What differs then is the amplitude of the action currents, this is larger 
m vigorous contractions, smaller in weaker contractions 

5 After local narcosis of the sensory spinal mechanisms, by which 
the centripetal impulses upon the motor neurones are cut off, the fre- 
quency of the action currents is distinctly reduced With the gradual 
progression of this local narcosis the frequency of the action currents 
gradually becomes lower and lower, so that, finally, a frequency of only 
60 to 70 action currents per second is present 

6 Hand-in-hand with this diminution of the frequency, the irregu- 
larity of the normal electromyogram gradually disappears, until, finally, 
a very regular type of action currents, often a true “smusoidal” rhythm 
occurs 

7 These slow and regular action currents represent the “proper 
rhythm of the impulses of the motor spmal mechanisms, of the motor 
neurones, free from the various centripetal impulses, which play normally 
upon the neurones and give rise to a change of the slow, regular proper 
rhythm mto the frequent and quite irregular excitations shown by the 
normal electromyogram 

8 The electromyogram of striped muscle during contractions of 
central origin is a true image of the central impulses, reachmg the muscle 
from the central nervous system along the peripheral motor nerve 
fibres 
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ON THE FACTORS CONCERNED IN THE PRODUCTION 
OF PULMONARY CEDEMA 

By R K LAMBERT and H GREMELS^ 


{From the Institute of Physwlogy, University College, London ) 

In most of tlie previous work on pulmonary cndema, stress has been 
laid on the part played by the mechamcal factors mvolved m its pro 
duction In view of the ease with which the mechamcal conditions of the 
circulation can be controlled m the heart-lung preparation, and the 
frequency with which at some time or other in the course of experiments 
employmg this method oedema of the lungs supervenes, it seemed to us 
that a study of the factors mfluencmg the onset of oedema m the heart- 
lung preparation might throw light on the general question of its causa- 
tion In this preparation it is easy to measure at any time the pressure 
m, and the flow through, any part of the circmt — whether m the heart 
cavities or the vessels — so that an analysis of the mechanical factors at 
work can be made at any given moment Such control is impossible, 
as such measurements are impossible to procure, m the intact ammal 
Methods The heart-lung preparation was prepared m the usual 
manner as described by Fuhner and Starling(i) Dogs were used m 
the experiments, ansesthetised by intravenous chloralose (0 1 gm per 
Inlo) foUowmg ether-chloroform mduction The cuculatmg fluid was 
defibrmated blood, a sufficient quantity being obtained by bleedmg a 
second dog, and usmg the mixture Systemic pressure was taken by a 
mercury manometer near the outflow from the heart, and pressures from 
a branch of the pulmonary artery to the upper lobe of the right lung, 
and from the right or left auricle were taken by water manometers The 
coronary flow was measured by means of a Morawitz cannula mtroduced 
through the right auricle The temperature was mamtamed at 36° C 
The average weight of the dogs was 10 kdos 

The course of experimental pulmonary oedema is difficult to follov 
with any degree of accuracy The indicators used have always been gross 
changes in the appearance of the lungs upon the collection of a sufficient 
amount of fluid, or the production of rales of various types In order to 

^ Rookefellor Travelling Fellow 
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obtain more exact knowledge as to the time of onset and progress of the 
oedema, we adopted a method suggested by Dr D T Hams, of deter- 
mmmg the changes which occurred m the electncal conductivity of the 
lungs As expected, this was found to mcrease up to a certam point, m 
proportion to the amount of oedema fluid which collected m the lungs 
The late collection of fluid m the larger bronchi and trachea, however, 
did not appear to modify the conductivity to any appreciable extent 
The apparatus was the usual IVTieatstone Bridge with an mduction 
coil and telephone receiver, as used m determmmg the conductivity of 
electrolytes , current bemg supphed by two dry cells (If it is so desired, 
audion valve amplification and a loud speaker can be added ) 

The electrodes first used were two needles held fixed distances apart 
penetratmg the lungs to fixed depths Upon mcreasmg the distance 
between the needles, however, it was found that a proportionate decrease 
m conductivity did not occur (Fig 1, A, B, C) In order to ascertam 



whether this was the case because of extremely large contact resistances 
dete^ations were made upon excised stops of lung tissue, with small 
relatively uniform cross-sections of about 1 sq cm On companng the 

7—2 
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curve thus obtained (Fig 1, D) with the former, the cause of the pheno- 
menon became evident The Imes of current are apparently distributed 
throughout the lungs as m an electrolytic cell, the position of the con- 
tacts bemg of relatively httle importance As all these curves should 
exterpolate back to zero, the finite electrical resistance which appears 
by this means was mterpreted as occurrmg at the contacts Accordingly, 
although the initial amount of electrical resistance depends partially 
upon the electrodes, the changes which occur durmg the course of oedema 
were relatively the same whether these contacts consisted of two needles 
penetratmg the lung, two plates apphed to opposite sides of the lung, 
a needle imbedded m the tracheal wall with another penetratmg the 
lung, or a needle m the tracheal wall with a plate applied to a lung 
The needle electrode on the tracheal wall, with a plate on the lung 
was fiLnally adopted, as this method has several advantages over the 
others Firstly, when a needle penetrates the lung, there is an mitial 
mcrease m conductivity, presumably due to effusion around the mjury 
Secondly, the plate and needle mvolve but one variable contact, the 
tracheal electrode bemg kept constant by covermg its entrance with a 
small wet pad The variation m the other contact only occurs to any 
marked extent as the surface of the lung becomes wetter durmg the 
course of the oedema And finally, the apphcation of a suitably curved 
electrode (Fig 2) is exceedingly simple, the electrode bemgpassed between 




2 Plate electrode used on lung ^ =wirB, B=rubber insulation C= paraffin shell, 
D =metal plate soldered to wire, £=esposed metal contact soldered to plate 
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the chest wall and the lung, and held in situ by the lung itself, which 
shps over it, but which does not alter the conductivity 

Care must be taken to prevent certam. sources of error The trachea 
must not be allowed to dry around the needle electrode, the plate 
electrode must always be completely covered by the lung, and the 
degree of inflation of the lungs must be kept constant by controllmg the 
apparatus used for artificial respiration There is even a variation of the 
null pomt from inspiration to expiration, so that readmgs should be 
taken either at one phase or the other There is httle error caused by 
current short-circmtmg around the other tissues of the animal Measure- 
ments kmdly made durmg an experiment by ilr L B ayliss showed that 
a current of 5 micro-amperes passed along the chest wall parallel to one 
m the lungs of 30 micro-amperes Furthermore, this fraction is a con- 
stant, and should not influence the oedema curve On the other hand, 
there is considerable alteration m conductivity if a pool of blood be 
allowed to accumulate m the thoracic cavity, and this should be pre- 
vented by passmg tube drains through the most dependent portions of 
the chest wall on either side 

The conductivity curve obtamed durmg oedema was checked against 
the percentage weight of water gamed by the lungs in the foUowmg 
maimer Pulmonary cedema was produced m a senes of mtact cats by 
mtravenous mfusion of normal salme solution (It was not thought 
necessary to detemune the effect of the added electrolyte to the blood, 
as precisely similar changes m conductivity were obtamed when cedema 
was produced by several other less practical methods ) At mtervals 
durmg the course of the mfusion the conductivity was measured, and 
small portions of the lungs excised. These pieces were then dehydrated 
to constant weight m an oven at 110° C It was found that a maximal 
gam m water of from 80 p c to 92 p c or 93 p c took place synchronously 
with the change m conductivity (Fig 3) Vanations m the blood content 
of the pieces of lung were apparently not sufficient to produce an error, 
as constant results were obtamed, both for non-oedematous and fully 
cedematous specimens 

A further check was made to detemune whether mcreased blood flow 
through the lungs would alter their conductivity This was found not to 
be the case m the heart-lung preparation, where the amount of blood 
flowmg through the lungs was vaned by altermg the mflow mto the 
right heart 

In the present communication only those expemnenta will be con- 
sidered m which pulmonary oedema developed spontaneously m the 



102 R K LAMBERT AND H GREMELS 

absence of other complicating features, or m wbcb it was artificially 
produced In most instances the oedema came on slowly, but in others, 
generally as the result of some special procedure or accident, the onset 
was rapid For the sake of convenience we have dealt with these two 
types of experiment separately, although probably no hard and fast fine 
can be drawn between them 



Pig 3 lleasarements made on lungs of intact cats dnnng pulmonary cedema caused by 
infusmg normal salme IT = percentage of water by weight, i?=re8i3tance Dotted 
Imes signify controls. 


/Slow oedema 

The heart-lung was prepared as rapidly as possible, the apparatus 
arranged for the observations, and then none but absolutely necessary 
manipulations performed until end-stage cedema was present In eight 
experiments oedema appeared at any time from 1 to 4 hours after the 
completion of the preparation, the usual tune bemg 3 hours 

In each of the experiments, the electrical resistance of the lungs 
dropped slowly, until when it had about halved its origmal amount 
(measured m ohms) the evidence of gross oedema was apparent At this 
pomt the lungs were wet and moist rfiles were heard, but we shall refer 
to the stage as “early” cedema, for as yet no collection of fluid could be 
made out m the trachea From this pomt on, veiy little change m con- 
ductivity took place, but within another } to 1 hour, the larger bronchi 
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and tracliea Tvere fiUed finid, vrhich stage Tve have caded “late” 
oedema 

From the hegmimig of the espenment to early oedema the coronary 
output gradually mcreased, the nse as a rule bemg absolutely synchronous 
vuth the change m conductivitv, so that at the early oedema pomt the 
output per mmute vras usually about double its otigmal figure From 
early to late oedema, houever, uhile the conductivitv showed practically 
no alteration, there was a very stnkmg mcrease m coronarv flow so that 
some final readings were as high as five tunes the ongmal figure 

Either the inflow to the heart or the outpnt was kept constant during 
each espemnent, nsnaUy the former With a constant inflow, the output 
of the heart as measured m the usual manner dunmished as mote blood 
flowed through the coronaries The total outpnt (systemic plus coronary), 
however, kept faidy coustaut, m accordance with the recent work of 
Anrep and Bnlataop) sbght variations occurring probably due to 
unavoidable changes of the inflow duxmg measurement, etc 

Up to the time of early oedema there was uniformly a slight total nse 
m pulmonary artenal pressure of from 2-5 cm water occasionally pre- 
ceded by an ongmal drop of from 2-3 cm. from the first readmg (Fig 4) 
As removing the coronary cannula at eailv oedema gave a further nse 
up to 7 cm. proportionate with the amount of nse when the cannula 
was in sitH most of the nse m the pnimonaiy artenal pressure of early 
oedema was probably due to the added mflow from the coronanes the 
initial nse when the cannula was in nt" bemg from the venm Thebesu 
and the postenor cardiac vems 

The pnlmonarv artenal pressure, m the mterval between the onset 
of oedema and its later stages rose coutmuously and rapidly, and the 
final readmgs were usuallv at least triple those taken at the hegmnmg 
of the erpenment As has been previously stated, the coronary output 
also mcreased markedly At the end porat it was not possible to obtam 
a farther propomouate nse m pulmonary pressure bv withdrawing the 
coronary cannula, and it is likely that other factors besides the mcreased 
mflow mto the right heart contribute toward the causation of this extreme 
elevation of pressure It seems likelv to us that, m view of the obvious 
microscopic damage to the blood vessels, described later, cbanges m the 
lamina from desquamated and swollen mtimal cells would be sufficient 
to cause a certam amount of dammrag back of the blood stream. At the 
same tune the accumulation of fluid m the alveolar spaces mav also 
exert sufficient pressure on the blood vessels to alter the resista^ice to 
passage of blood through them Such suppositions of course cannot be 
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proved, but the facts are, that in this type of experiment the CEdema 
and the increased coronary flow occur before the rise of puhnonaiy 



Fig 4 Spontaneous slow cedema Oxygen giTen throughout. Infloir kept constant, and 
total output (systemic plus coronary) between 536 and 604 c o blood per minute. 
Early redema present at I, and late oedema at II (7 = coronary output m ao. blood 
per mmute, Ory = percentage oxygen saturation of the blood, P=pulmonary arterial 
pressure in cm water, 0 =8yateinio output m 0 . 0 . blood per 10 seconds, B =eleotnoal 
resistance of the lungs in o hms i4=syBtemio artenal pressure m mm mercury, 
F ^inferior vena cava pressure m cm water 


arterial pressure, and that m the early oedema the rise m coronary flow- 
accounts for any rise in pulmonary artenal pressure -which occurs 

La no case -was there more than a very shght mcrease in either 
auricular pressure up to the tune of late oedema La one experiment a 
sufficient degree of heart failure was present to produce a rise of right 
auricular pressure of 6 cm water This was reduced to 3 cm by re- 
mo-vong the pericardium (Starling(3)) At the same time, however, 
there was an mcrease m pulmonary artenal pressure of 23 cm water 
Desatnration of the blood was always present to a certain extent 
after the first hour or so of an experiment if no oxygen was given, and 
as oedema progressed it became very marked Early oedema gave an 
average saturation of 74 p c , while m late oedema readmgs of anywhere 
from 50 p c to 60 p c were obtained In order to determme whether the 
increased coronary flow was a result of this condition of the blood 
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(Hilton and EictlioltzW), oxygen was given throughout two experi- 
ments Even during the most marked oedema, sufficient oxygen passed 
mto the remaining aerated alveoh to keep the saturation well up (Eig 4), 
and precisely the same changes m the coronary output, as well as m the 
other particulars of the experiment, took place 

As the rise m pulmonary pressure m these experiments was so 
evidently secondary, and as durmg the entire course of the oedema the 
coronary flow steadily moreased, the initial changes were m all pro- 
babihty vascular These changes were outwardly manifested by in- 
creased permeabihty and consequent oedema m the vessels of the lungs, 
and by dilatation m the vessels of the heart The factors m the blood, 
or otherwise, upon which the vascular changes m this type of experiment 
depend, have not been deterrumed, but will be discussed later 


Rapid oedema 

In 4 experiments rapid pulmonary oedema was produced withm 
^ to 1 hour, after the heart-lung had been prepared As the cause of the 
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cedema was of the same general nature m two experiments, and probably 
as well m the third, and as all the observations were uniform, one typical 
experiment is shown m Fig 5 

In the first experiment 100 c c of dog’s blood, drawn the prewons 
day and kept on ice, were added to the inflow reservoir and the same 
amount of good blood withdrawn In the second, 6 c c of 1 p c silver 
nitrate solution was added to the reservoir The third experiment was 
originally mtended to demonstrate the usual form of slow oedema, but 
rapid oedema took place mstead The only reason that could be found was 
that ordinary mk had been used to colour the manometer solutions and 
that a certain amount had madvertently made its way into the blood 
stream 

In these three experiments the early stages of cedema, so well marked 
m those previously described, were obhterated by the rapidity of pro- 
gression from the onset to the final stage In the first two expemnents, 
the instillation of a toxic agent caused an immediate drop m the electrical 
resistance of the lung, and a rise of pulmonary arterial pressure to the 
level of late oedema In the third experiment the pressure was high from 
the beginning and gradually rose to the end figure withm a short time, 
somewhat confirmmg our belief as to the cause The coronary flow, and 
all the other features of the experiments rapidly became identical with 
those m the late stage of slow cedema 

In one experiment, cedema was rapidly produced m an entirely 
different manner A certam amount of torsion of the lobes of the right 
side was present at the beg innin g of the experiment, which caused a 
shght obstruction to the venous outflow of the lungs, while at the same 
time not impeding the arterial inflow The pulmonary arterial pressure 
rose gradually to 62 cm water durmg the course of half an hour, and 
a well marked late stage oedema developed throughout the lungs The 
auricular pressures remamed low, and what is of extreme mterest, the 
coronary flow only rose to 30 c c blood per mmute, whereas m the other 
experunenta it had often reached 90 to 100 c c at the end stages 

In the first three of these experiments the increased permeability 
of the lung vessels, and the dilatation of the cardiac vessels can be said 
to be due to a known toxic agent m the blood stream The fourth ex- 
periment, m which cedema was produced by an entirely different 
mechanism, shows a relative absence of mcreased coronary outflow 
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Histological changes in lungs and heart 

In order to correlate, as far as possible, the data given above with the 
actual condition of the vessels, sections of the lungs and heart were 
prepared at various stages of cedema The tissues were fixed in Zenker s 
solution, prepared in the usual manner, and stamed either with hsema- 
toxylm-eosm, or hcematoxylm-Bassmi Three sections are described 

1 Lung of moitrattly admnctd (cdima All the cells m the walls of artenes, artenolcs 
and veins show swelling, while the nuclei of the intimal celts are occasionally poorly stained 
and broken. In some portions of the section there is even absence of the intimnl cell nuclei 
The capiUanes are dilated and filled with erythrocytes, and their endothehal cells show 
similar nuclear changes There is some swelling of the epithehal cetls of the bronchial 
mucous membrane and occasional desquamation There are collections of desquamated 
bronchial and alveolar cells m the lumma of the bronchi The nuclei of the alveolar epithelial 
cells are generally normal m aspect, but the alveolar spaces are also filled with desquamated 
cells and amorphous masses, which probablv consist of coagulated proteins 

2 Lung of severe adtma The mtima of the artenes artenoles and veins in this section, 
shows marked alterations m the appearance of the cell nuclei These are frequently absent, 
and the remamder poorly stamed and vacuolated There is an escape of erythrocytes 
through the walls of the artenoles The capiUanes are dilated, partially filled, and their cells 
show similar nuclear changes The bronchi and their branches, as well as the alyeoh, show 
similar changes as m the previous section, to a more marked degree The bronchial epithelial 
cells oecasionaUy show vacuohsation as well as sweUing 

3 Heart of severe vedema The mtimal cells of the larger coronary branches have, as 
a rule poorly stamed nuclei, and there ate aggregations of erythrocytes surroundmg these 
vessels. The larger veins have the same appearance, but even to a more marked degree 
The capiUanes show exactly the same changes as m section 2 The heart muscle cells show 
some fragmentation, and in certam places are rolled up or wavy, but on the whole they 
appear normal, with weU stamed nuclei CollectionB of erythrocytes are seen interspersed 
among the muscle cells 

More sectioua are not described as they all show essentially tbe same 
changes, the variations being of degree only There is some difference m 
appearance at the various portions of each section, the above descnption 
representing the average picture The principal pathological process 
seems to be one mvolvmg the mtimal layers of the small vessels and 
the capiUanes of the heart and lungs There are also, however, degene- 
rative changes of other structures to a lesser extent, evident from the 
appearance of alveolar and bronchial epithebum and the heart muscle 
In these sections we do not observe one of the changes commonly 
seen m human pulmonary oedema, namely the fiUmg of alveolar spaces 
with coagulated cedema proteins This is probably due to the fact that 
the pieces of lung vfere excised and fixed immediately upon the m- 
ception of the vanous stages of cedema At this tune fluid can easily 
flow out and be expressed by the contraction of the tissue, while con- 
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oedema was of the same general nature m two experiments, and probably 
as well m the third, and as all the observations were uniform, one typical 
experiment is shown m Fig 5 

In the first experiment 100 c c of dog’s blood, drawn the previous 
day and kept on ice, were added to the mfiow reservoir and the same 
amount of good blood withdrawn In the second, 5 c c of 1 p c silver 
nitrate solution was added to the reservoir The third experiment was 
originally mtended to demonstrate the usual form of slow oedema, but 
rapid oedema took place mstead The only reason that could be found was 
that ordinary mk had been used to colour the manometer solutions and 
that a certain amount had madvertently made its way mto the blood 
stream 

In these three experiments the early stages of oedema, so well marked 
m those previously described, were obliterated by the rapidity of pro- 
gression from the onset to the final stage In the first two experiments, 
the instillation of a toxic agent caused an immediate drop m the electrical 
resistance of the lung, and a rise of pulmonary arterial pressure to the 
level of late oedema In the third experiment the pressure was high from 
the begmnmg and gradually rose to the end figure withm a short tune, 
somewhat confirmmg our belief as to the cause The coronary flow, and 
aU the other features of the experiments rapidly became identical with 
those m the late stage of slow oedema 

In one experiment, oedema was rapidly produced m an entirely 
difierent manner A certam amount of torsion of the lobes of the right 
side was present at the begmnmg of the experiment, which caused a 
shght obstruction to the venous outflow of the lungs, while at the same 
time not unpedmg the arterial inflow The pulmonary arterial pressure 
rose gradually to 52 cm water durmg the course of ball an hour, and 
a well marked late stage oedema developed throughout the lungs The 
auricular pressures remamed low, and what is of extreme mterest, the 
coronary flow only rose to 30 c c blood per mmute, whereas in the other 
experiments it had often reached 90 to 100 c c at the end stages 

In the first three of these experiments the increased permeability 
of the lung vessels, and the dilatation of the cardiac vessels can be said 
to be due to a known toxic agent m the blood stream The fourth ex- 
periment, m which cedema was produced by an entuely difierent 
mechanism, shows a relative absence of mcreased coronary outflow 
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of Anrep and BnlataoP) proves tliat tins is not the result of “'back- 
pressure,” but of the increased total output of the heart due to added 
coroimry floTr Accordingly there is no more reason to beheve that this 
means alone could produce oedema, than directlv altermg the inflow 
In the case of true “back-pressure ’ cedema, the left ventricle is not 
able to express its contents completely, and the diastohc pressure is 
accordmgly raised by the residual blood withm it At the same time 
dflatation takes place Owmg to the ensuing mabihty of each of the 
chambers of the heart to fully express its contents, as well as to possible 
valvular mcompetence, the mcreased pressure is then transmitted to the 
lungs and right heart m turn The simple fact is often overlooked that 
beyond a certam. pomt this process is part and parcel of cardiac failure, 
and the extremely high pressures to which the lung vessels may thus be 
subjected by a failmg heart may be sufhcient to produce transudation 
iIatsuoka(6) says “m the production of obstructive oedema the output 
of the heart may be drmnushed to a minimum, and the pressures m the 
pulmonary artery, the infenor vena cava, and the nght auncle may be 
mcreased to a maxunum, all quite mdependently of the height of the 
artenal pressure and the amount of venous mflow ” This description is 
used to illustrate oedema brought about through mcreased systemic 
resistance, but merely mdicates heart faQuxe takmg place because of an 
impossible burden. True “back-pressure ’ oedema may also occur when 
there is an obstruction m the pulmonary vems This is experimentally 
possible, but most infrequent as a natural patho-physiological process 
save where there is embolism or a left aunculsr thrombus (W iggers (7)) 
Another hypothetical mechanism of oedema, ongmally pnt forth by 
Welch m 1878, is a dissociation of the outputs of the ventricles It is true 
that he produced pulmonary oedema m this manner by mjurmg the left 
ventricles of rabbits, but that such a condition can occur spontaneously 
has never been well established. Temporary diflerences m output take 
place upon alteration of the venous mflow directly, or through the 
medium of the peripheral resistance But immediately upon the engorge- 
ment of the lung vess els , automatic regulation of the veutncles takes place, 
so that the condition becomes that which we have described before 
Definite failuie of the left ventricle is hardly conceivable, save for verv 
short periods of time, without a concomitant failuxe on the nght 
Increased left mtraventncnlar diastohc pressure is immediately trans- 
mitted to the nght side, causmg equal dilatation and failure, while any 
disturbance m corunary cucnlation instantly afiects the nutr^on of the 
musculature of the nght heart As any dissociation of output can only 
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siderable deliydratioii can take place during the preparation of the 
section 

Possibly the most important question to be considered is irhat part 
of the apparent damage to the vessels is caused by some direct toxic 
action of unkn own nature, and what part is caused by imbibition and 
passage of fluid tlirough the cells during the course of the oedema The 
only direct evidence we have to throw hght on this point is that marked 
oedema caused by sahne infusions shows but httle vascular change when 
compared to the other varieties In some respects, however, they are not 
quite comparable But the simultaneous alterations m the microscopic 
picture of the heart is suggestive of the fact that the vessel changes are 
primary and not secondary to the oedema We must reiterate, that 
despite the changes m the appearance of the heart muscle, no gross heart 
failure was present at any time 

Discussion 

Most experimental work on pulmonary oedema has been by way of 
a search for a single etiological factor, to be apphed under all circum- 
stances There are, however, a number of known factors, and presumably 
as many more unknown, which always participate Then relative im- 
portance probably vanes from case to case We will deal here, m the 
hght of our experiments, with the different factors to which the pre 
ponderant part m the production of lung oedema has been ascribed by 
various wnters on the subject 

Increased pressure in the pulmonartf blood vessels When the heart and 
lungs are normal, the chief cause for the elevation of pulmonary arterial 
pressure is an mcreased venous inflow to the heart As was shown by 
Patterson, Piper and Starling(5) m the heart-lung preparation, the 
circulation rate under these circumstances is increased to a marked 
degree through cardiac adaptation, without any other signal disturbance, 
and without altering the pulse rate Moreover, m normal animals, the 
added compensatory mechanism of an mcreased pulse rate takes part 
In the absence of cardiac failure, with the circulation mtact, there is no 
reason to beheve that by this means a sufficiently great filtration pressure 
18 produced m the pulmonary vessels to cause transudation Of course, 
such a rise of pulmonary pressure as is mcidental to the generally in- 
creased circulation rate may accelerate the production of oedema m the 
presence of any other factors 

As was described by Puhner and Starlingd), mcreasing the peri- 
pheral resistance wiU also mcrease the pulmonary pressure The work 
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of Anrep and BnlataoP) proves that this is not the result of “hack- 
pressuie,” but of the increased total output of the heart due to added 
coronary fiou- Accordingly there is no more reason to beheve that this 
means alone could produce oedema, than directly altermg the inflow 
In the case of true “back-pressure ’ oedema, the left ventricle is not 
able to express its contents completely, and the diastohc pressure is 
accordingly raised by the residual blood withm it At the same tune 
dilatation takes place Owmg to the ensiung mabihty of each of the 
chambers of the heart to fully express its contents, as well as to possible 
valvular mcompetence, the mcreased pressure is then transmitted to the 
lungs and right heart m turn The simple fact is often overlooked that 
beyond a certam pomt this process is part and parcel of cardiac failure, 
and the extremely high pressures to which the lung vessels may thus be 
sub]ected by a faflmg heart may be sufficient to produce transudation 
iIatsuoka(6) says “mthe production of obstructive cedema the output 
of the heart may be diminished to a mmimum, and the pressures m the 
pulmonary artery, the mfenor vena cava, and the right auricle may be 
mcreased to a maximum, all quite mdependeutly of the height of the 
arterial pressure and the amount of venous inflow ” This description is 
used to illustrate oedema brought about through mcreased systemic 
resistance, but merely mdicates heart failure taking place because of an 
impossible burden True “back-pressure” oedema may also occur when 
there is an obstruction m the pulmonary veins This is experimentally 
possible, but most infrequent as a natural patho-physiological process 
save where there is embolism or a left auricular thrombus (W iggers(7)) 
Another hypothetical mechanism of cedema, ongmally put forth by 
TT elch m 1878, is a dissociahon of the oxitpxits of the ventrides It is true 
that he produced pulmonary oedema m this manner by mjurmg the left 
ventricles of rabbits, but that such a condition can occur spontaneously 
has never been well established Temporary differences m output take 
place upon alteration of the venous mflow directly, or through the 
medium of the peripheral resistance But immediately upon the engorge- 
ment of the lung vessels, automatic regulation of the ventricles takes place, 
so that the condition becomes that which we have described before* 
Defimte failure of the left ventncle is hardly conceivable, save for very 
short penods of tune, without a concomitant faflure on the nght 
Increased left mtraventecular diastohc pressure is immediately trans- 
mitted to the nght side, causmg equal dilatation and failure, while any 
disturbance m coronary circulation instantly affects the nutation of the 
musculature of the nght heart As any dissociation of output can only 
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occur as an extremely transitory phenomenon, we do not beheve that 
'per se it can play any important part m the causation of pulmonary 
(sdema 

In our experiments it has become evident to us what heights the 
pulmonary pressure may reach, m the absence of cardiac failure, secondary 
to oedema of the lungs When this condition obtams, however, heart 
failure is immment, m which crrcumstances a vicious circle would be 
established Here lies the value of decreasmg the venous mflow to the 
heart, i e clmically by venesection, and preventmg such a condition from 
occurrmg, by lowermg the already high pulmonary pressure 

Changes in the blood Changes m the blood may produce oedema, as 
can readily be demonstrated, m fact Barry (6) believes the heart-lung 
(Edema to be caused mamly by dilution of the blood colloids Salme 
mfusions probably act in this manner, it bemg ddScult to believe that 
small amounts of normal salme added to the blood should act other than 
by facilitatmg simple filtration Such substances which when added to 
the blood, or produced therem, will deletenously affect the blood vessels, 
are discussed below 

Changes in the blood vessels It must be remembered that m the heart 
lung preparation, at the present time, it is necessary to use defibrmated 
blood as the circulatmg medium Such blood has undergone profound 
changes m the process of defibrmation, which, without interfermg with 
its functions as a carrier of oxygen and carbon dioxide, as well as of 
soluble food and waste products, have given rise to the production of 
undefined substances which may have a toxic effect on the blood vessels 
and tissues The strong vasotonic action of such blood is well known, 
and Eichholtz and Verney(9) have shown that this action makes it 
impossible to mamtam circulation through an excised kidney by means 
of a mechanical pump The cuculation m a heart-lung kidney prepara- 
tion IS possible only because the lungs and possibly the heart exert some 
kmd of detoxicatmg influence on the blood, removing its constricting 
effect on the renal vessels A few mmutes standmg m glass leads to the 
fresh formation of the toxins, so that after 24 hours, kept defibrmated 
blood becomes extremely toxic for the heart-lung preparation 

But the absorption of these toxms m the heart-lung preparation is 
not without deleterious effects Microscopic exammation shows gradually 
mcreasmg defects m the mtuna of the blood vessels and m the capillary 
endothelium Any such change is known to mcrease the permeability 
of the capillaries — and we are therefore justified m regardmg these 
capillary changes as the prune factor m the causation of the pulmonary 
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cedema Any mechamcal factors are only secondary m importance If, 
toiveTer, ttie toxic action of the blood is excessive, as is the case vrben 
24 hoors’old defibrmated blood is used, or irhen salts of the heavy metals 
are added, a marked change is produced at once m the capillary endo- 
thehum, givmg rise to mcreased resistance and stasis in the capillaries 
and a marked rise of pulmonary arterial pressure But this rise of 
pressure is secondary to the endothehal change, vrhich is responsible for 
the mcreased exudation and cedema, and cannot itseK be regarded as the 
cause of the oedema 

The great rise of pulmonary arterial pressure vhich comes on at the 
end of an experiment, vhen massive oedema of the lungs has already 
developed, is probably due to the changes in the vessel walls and the 
pressure exerted by the fluid fllhng the mtercapillary spaces 

We should be mchned to ascribe a similar pathogenesis to many 
cases of acute pulmonary cedema m man, and to regard a toxic influence 
on the capillary vralls as primarily responsible for the mcreased exuda- 
tion In these cases the extreme secondary rise m pulmonary pressure 
is probably also present Furthermore, as not all clmical cardiac failure 
is accompamed by pulmonary cedema, the question arises as to whether 
m cardiac cedema some direct action of the blood on the capillaries does 
not take place either through anoxsemia or the formation of toxic sub- 
stances 

COXCLTTSIOXS 

1 A method is described for followmg the course of pulmonatv 
cedema 

2 In the heart-lung preparation, lung cedema supervenes at varymg 
periods after the beginnmg of the experiment In most cases the onset 
IS gradual and a number of hours elapse before the oedema becomes so 
marked as to put an end to the experiment Occasionally the oedema is 
much more rapid m onset, and it is always produced withm a very short 
tune if defibrmated blood which has stood for 24 hours, or metaUic 
poisons are added to the crrculating flmi 

3 In both cases, namely slow and rapid cedema, degenerative changes 
are found m the mtunal cells of the blood vessels and m the capillary 
endothehum of the lungs and heart 

4 The prmcipal cause of the oedema is the mjury to the capillary 
endothehum, and the greater permeabihty thereby produced 

5 There is a gradual steady mcrease m the flow through the coronary 
vessels m the course of the experiment—which may amount to five times 
the otigmal rate Since changes m the mtima of the cardiac vessels are 
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observed similar to those described m the limgs, we regard this increase 
as the response of the coronary vessels to the toxic effect exerted by the 
defibnnated blood 

6 The oedema, in its initial stages, is unattended by any changes m 
the resistance to the flow of blood through the lungs, as judged by the 
pulmonary artenal pressure The small rise of pulmonary pressure 
observed is due entirely to the greater flow through the coronary vessels 

7 In the late stages of both slow and rapid oedema, there is a 
secondary marked rise m pulmonary arterial pressure This is probably 
due to the mechanical influence of the oedema fluid on the pulmonary 
blood vessels, and to changes in the blood vessel walls themselves 

8 We suggest that m certam cases of pulmonary oedema, as observed 
cbnically, s imil ar effects may take place through toxic action of the 
blood on the pulmonary vessels This factor may enter into the causation 
of cardiac oedema 

This work was conducted in the laboratory of Prof E H Starling, 
and we are greatly indebted to him for his contmued gmdauce and help 
We also wish to express our thanks to Prof A V Hill and Dr Anrep 
for many valuable suggestions 
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THE IN VIVO PERMEABILITY OF THE RED COR- 
PUSCLES OF THE RABBIT By J T IBYIKG 
(Benn TF Levy Student, Irani Smart Student, Gcnville and 
Caius College) H D ELAY {Beit Memorial Fellow) 

(From the Biochemical Laboratory, Cambridge ) 

The experuaeiits lecorded m this paper were carried out in an endeavour 
to ohtam evidence for or agamst the hypothesis adumbrated by 
Haldane, Kay and Smith(i) that the administration of msuhn to the 
rabbit brmgs about permeabdity changes m certam of its body cells 
In two prelimmary experiments the partition of “sugar” or, better, 
reducrag substance between the corpuscles and the plasma was deter- 
mmed by Hagedorn and Jensen’sC) method before and at intervals 
after the lajectiou of msulm, and figures were obtamed winch appeared 
to indicate that the reducmg substance m the corpuscles did not decrease 
m a manner parallel with the decrease m plasma “sugar” dunng the 
hypoglyctemic period It was decided to ascertam, if possible, whether 
any changes m the permeabdity of the red cells for reducing substance 
could be shown to be brought about by msulm mjected in vno 

In the early stages it was found that the partition of reducmg sub- 
stance between plasma and corpuscles was influenced very markedly 
(at least m the case of rabbit’s blood) by the presence of anticoagulants, 
and that the addition of anticoagulants to blood in utro completely 
obscured the actual state of afiaus m the blood in vivo The efiect of 
anticoagulants may account for the fact that physiological hterature is 
full of contradictory statements as to the distribution of “sugar,” or 
even more hopefully “ glucose,” between the corpuscles and the plasma 
m the blood of a large number of animals In the case of man some 
writers, eg Falta and Richtner-QuittnerP), find no sugar^ m the 
corpuscles, whilst Wu(4) finds equal and Hogler and UeberrachOS) 
nearly equal distribution Host workers have found less sugar m rabbit’s 
corpuscles than m rabbit’s plasma, and a few recent workers (Ege( 5 ), 
van Crefeld and Brinkmance)) state that there is no reducmg sub- 
stance m rabbit’s corpuscles We decided, before proceeding further, to 

^ Throughout this paper, wherovex the -word sugar is used, it should be regarded as 
between inverted commas ® 
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re-examine tlie distribution of reducmg substance between the corpuscles 
and plasma under conditions as near as possible to those existing in the 
blood of a normal rabbit 

Experiments using anticoagulants Blood was taken from the ear 
vem of large healthy rabbits (weight 3 to 4 kdos) direct mto a little above 
the minimal quantity of anticoagulant m a small graduated centrifuge 
tube Dupbcate samples of blood were at once pipetted out for total 
blood sugar estimations, Hagedorn and Jensen’s method bemg 
usually employed In a few cases Calvert’sfT) method was used, and 
gave similar figures, but was not found to be quite as reliable as the 
former method The rest of the blood was immediately centrifuged, and 
dupbcate samples of plasma for plasma sugar taken withm 6 mmutes 
of the drawmg of the blood from the animal The corpuscular sugar 
was calculated from these two figures and the hsematocrit reading In 
order to avoid the change m relative volume of the corpuscles which is 
brought about by the addition of anticoagulants of high osmotic pressure 
it was found necessary to take a small sample of the blood at the same 
time mto a tube contaimng a trace of heparm, which, at the concen- 
trations required to prevent clotting, has no appreciable osmotic pressure 

The anticoagulants we used were sodium citrate, 25 pc , sodium 
fluoride, 1 p c , potassium oxalate, 0 2 p o , heparm, 0 02 p c In Table I 
are given a few figures illustratmg the results of a large number of 
experiments In the same table figures obtamed from blood centrifuged 
m ice-cold paraffined tubes are mcluded 

Table I (Reducing substance calcuJated as glucose ) 


Blood sugar 

Plasma 

sugar 

Hmmatoont 

Corpuscle 

sugar 

Anticoagulant 

124 


130 

28 

093 

Oxalate 

127 


139 

33 

101 

Oxalate 

111 ' 

jProm same 

124 

32 

084 

Fluonde 

111 

119 

32 

097 

Citrate 

lllj 

ammal 

131 

32 

009 

Heparm 

108] 

From same 

132 

37 

068 

Heparm 

101 

120 

37 

068 

Citrate 

108 J 

ammal 

129 

37 

073 

Oxalate 

120 


Paraffined tubes 

170 33 

045 

Xil 


These results show that usmg anticoagulants there is always a pro- 
portion of the blood sugar of rabbits m the corpuscles Usmg paraffined 
tubes, relatively less sugar is present m the corpuscles 

Experiments avoiding use of anticoagulants In order completely to 
avoid the use of anticoagulants, a technique has been developed by whic i 
a rapidly excised vem full of blood can be centrifuged and the separate 



115 


PEU^BABILITY OF CORPUSCLES 


plasma tied off and analysed at leisure The disadvantage is that only 
one determination can he made pet rabbit, and it is necessary to do 
several erperunents to obtam average figures which can be rehed upon 
The centrifugmg of blood m excised veins is, of course, far from new 
Our method has been developed quite mdependently of previous tech- 
nique, and avoids the comphcation of amesthesia It is as follows the 
rabbit, left overmght without food, is killed mstantaneously by a blow 
on the base of the skull, and its inferior vena cava hgatured immediately 
(Within 2 mmutes) to prevent sugar mobilisation Both external jugulars 
are then laid bare and all branches tied One is dissected out as rapidly 
as possible, hgatured at both ends, suspended m od m a small centrifuge 
tube and spun Enough blood for the blood sugar and hsematocrit 
determmation is removed from the other jugular by syrmge The first 
vem is removed from the centrifuge after 5 mmutes, the part contaming 
plasma tied ofi and carefully wiped The plasma is then emptied mto 
a small tube contammg a smtable quantity of potassium oxalate and the 
plasma sugar detennmed forthwith The whole operation, from the death 
of the animal to the begmnmg of the plasma sugar determmation, takes 
on the average 20 to 25 mmutes, depending on the varymg position and 
number of small veins which have to be tied 

Usmg this techmque, 21 experiments have been done on normal 
rabbits Of these, only two showed no teducmg substance m the cor- 
puscles, three showed less than 01 p c of reducmg substance (calculated 
as glucose per 100 c c corpuscles), seven less than 02 p c and more than 
01 p c , four between 02 p c and 03 p c , two between 03 p c and 05 
p c , while three gave values of 062, 070 and 070 p c The hsematocrit 
values lay between 21 p c and 37 p c corpuscles Erom the groupmg 
of the figures, it would appear probable that the last three corpuscle 
values are abnormally high, the first of these animals is clearly ansemic 
(hiematocnt value = 21 pc) Erom subsequent results it will be seen 
that the rabbit’s corpuscle readily becomes more permeable to glucose, 
and a few high figures are perhaps to be expected The results of the 
jugular vem experiment with normal rabbits are summarised m Table 11 
The highest blood sugar value obtamed was 137 p c 


Between 

No of Eipa 
Blood Bogar 

Between 

Corpuscle sugar 


Table IL 


08 p c. and 
10 p c 

10 p c. and 
11 p c 

11 p c. and 

12 p 0 

Above 
12 p c 

5 

0 p c and 

01 p c 

5 

G 

01 p 0 . and 
02 p c 

7 

4 

02 p c and 

03 p c 

4 

6 

Above 
03 p c 

H 


8—2 



116 


J. T, IRVING AND H D KAY 


In three of these detenamations Calvert’s nucro-method for blood 
sugar was used In two of the experiments quoted sahne was injected 
two hours before the detemunations, which gave values of 015 p c and 
021 p c sugar m the corpuscles In another experiment, 10 c c of 
2 5 p c glucose solution were mjected subcutaneously a quarter of an hour 
before the operation The blood sugar m this case was 168 p c , and the 
corpuscle sugar 020 p c 

It IS probable that the figures m this table give a more accurate 
picture of the distribution of sugar between plasma and corpuscles m 
normal fastmg rabbits than any previously published Only a very small 
quantity of reducmg substance is present m the corpuscles, the average 
figure for their sugar content being 022 p c or, omittmg the three highest 
figures, 017 p c Outside the corpuscle membrane the concentration of 
sugar IS at least six tunes as great as it is withm it, the actual sugar 
(z e plasma sugar) concentration 
average blood sugar value of 
11 p c and a hsematocrit figure 
of 35, bemg just over 15 p c , as 
agamst the 022 p o corpuscular 
content 

When the values shown m 
Table II for corpuscle sugar are 
plotted agamst the blood sugar 
values, a curve is obtamed 
(Fig lA) which appears to mdi- 
cate that the corpuscles tn vivo 
have a threshold for sugar at 
about 08 gm (calculated as glu- 
cose) per 100 c c blood Only 
when the blood sugar is very 
low IS the corpuscle free from re- 
ducmg substance As the blood 
sugar rises the sugar content of 
the corpuscle appears to rise also, 
but more slowly In no case, 
however, even when anticoagu- 
lants are used, as is shown m 
Table I, has it been found that the corpuscle sugar content equals, or 
nearly equals, that of the plasma 

Effect of znsuhn on the distribution of “sugar” between plasma an 


m contact with the tissues, given an 



Pig 1 A Normala 

B Tngnlin given 
G Tnanlin (inaobvated) given. 
£) Peptone given. 
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corpuscles We then mvestigated the condition existing during the hypo- 
glycffimia foUowing insuhn convulsions One specimen of commercial 
sohd influlm hydrochloride, and another of the hqnid preparation were 
used A suitable dose of insuhn was given to the animal, which was kept 
under observation until preoonvulsive symptoms were noticed, where- 
upon it was dealt with exactly as described before, and the plasma and 
whole blood sugar deternuned m the blood from the jugular veins 
The figures we have obtamed mdicate that when the hypoglyciemia 
is approachmg the convulsive level, the corpuscular content of reducmg 
substance is not falhng with that of the blood, but has risen above the 
normal value In fact corpuscular and plasma sugar approximate to 
the same level The results of 12 experiments are summarised in 
Table III 

Table IEL (Insuhnised, rabbits ) 

Between 03 p c and 04 p c and 05 p e and Above 

04 p-c 05 p c 06 p c 06 p c 

Jfo ofexps. 

Blood sugar 3 3 4 2 

Between Ope and 02 pc and 03 pc. and 04p.c and 05 pc and 
02 p c 03 p.c 04 p c 05 p c 06 p c. 

Corpuscle sugar 1* 3 2 4 2 

* Preconolusive symptoms not observed. Killed three hours after mjection 

Thus, of the 12 anunals used, one showed traces only of reducmg 
substance m the corpuscles, three showed au equal distribution between 
plasma and corpuscles, and the rest showed quite appreciable amounts 
of reducmg substance lu the red cells Either the corpuscles had become 
more permeable to sugar, or a uon-reducmg precursor m the mterior of 
the corpuscle had been broken down to give a reducmg substance The 
former seems the more likely explanation The curve (B) m Pig 1 has 
been drawn from the figures given by 11 rabbits, and would mdicate 
that if there is a threshold level of blood sugar m the normal rabbit, 
below which no reducing substance is present m tbe corpuscles, insnliTi 
reduces the threshold very markedly 

Glucose still present in blood at the convulsne stage of insulin Tiypo- 
glycwmia It has been suspected for some tune that possibly a lar^e 
fraction of the reducmg substance present m blood is not glucose 
Winter and SmithfS) state that blood-filtrates from rabbits rendered 
typoglycfflmic with msulm do not show any reducing power when the 
Wood-Ost reagent (which reacts easdy with small concentrations of 
glucose) is used Our results up to this pomt seemed capable of explana- 
tion on the supposition that the reducmg substance which we found m- 
Bide the corpuscles, and which even rose m amount durmg hypoglycffinua. 
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was Dot glucose at all We thought it worth while to ascertaiD as far as 
possible whether any of the reducing substance in whole blood, which 
we were estimating when the rabbits were severely hypoglycsemic, was 
glucose 

The blood of four rabbits m insulin convulsions was collected 
Hagedorn and Jensen’s method gave, for the mized blood, a blood 
sugar of 036 p c Through the kmdness ofMrH F Holden, who 
precipitated the proteins and concentrated the filtrates for us by a 
method recently elaborated by himself, we obtained a hqmd which gave 
a Wood-Ost value of 0 32 pc “glucose,” and a Hagedorn and 
Jensen value of 696 pc We are thus able to confirm Winter and 
Smith to the extent that the Wood-Ost reagent gives a markedly smaller 
value for the blood sugar m hypoglycsemic blood than does the 
Hagedorn and Jensen method, though we did not observe complete 
absence of reducmg power towards the former reagent 

The concentrated filtrate was precipitated with phenyl hydrazine 
m acetic acid solution, and a crude osazone of M p 167° was obtamed 
On recrystalhsation twice from aqueous alcohol, and once from aqueous 
pyndme, theMP in a sealed tube rose to! 93 °-l 95° When this was mixed 
with an equal quantity of pure glucosazone (m p 206° corr ) it gave a 
M p of 199°-202° In crystallme form it resembled glucosazone This 
would mdicate that the osazone obtamed from the blood filtrate was 
a mixture of glucosazone with smaller quantities of another osazone 
A combustion was not attempted 

A similar blood filtrate from normal rabbit’s blood gave by Wood- 
Ost a glucose value of 0 90 pc and by Hagedorn and Jensen 
1 109 p c , and an osazone prepared from it m the same way gave a m p 
(crude) of 175°, which was raised to 200° by the same methods of crystal- 
lisation By admixture with an equal quantity of glucosazone its M p 
was raised about a degree 

TAe effect of inactivated insulin and other substances on sugar distribu- 
tion in the blood m vivo Insuhn, mactivated either by heating at 100 
for 10 mmutes with N sodium carbonate, or at 37° for 90 mmutes with 
NjlO caustic soda (Dudley(9)) and neutralised, gave an effect similar 
to that of active insulm on mjection mto a starving rabbit, i e changes 
m the permeabibty of the red cells appeared to follow The six experi- 
ments were done with jugular blood in the manner described above, the 
rabbits bemg killed some three hours after the mjection An average 
corpuscular value of 059 p c sugar was found Curve C (Fig 1) compiled 
from the six figures given m Table IV mdicates that although the red 
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cell tliiesliold for sugar does not appear to liave been altered, tbe 
meabdity, as pdged by tbe content of reducing substani^ 
blood sugar is raised, is distinctly increased In none of these rabbits 
were abnormal symptoms of any kmd observed, nor was tbe blood sugar 

lovrered , , , 

Table IV (Inactivated msnun ) 


Blood BUgar 
095 
111 
119 
122 
136 
13S 


102 

102 

110 

111 

124 


Plasma sugar 
127 
146 
136 
139 
164 
ISS 

Tasi^ V 

139 

138 

129 

146 

154 


Htematocnt 

34 5 
30 5 
30 5 
30 5 
30 0 

35 5 

(Peptone ) 

32 0 
38 0 

33 0 
35 5 
340 


Corpuscle sugar 

038 

032 

081 

083 

070 

048 


023 

043 

072 

048 

067 


Smee inactivated msubn, with chemical properties approachmg those 
of a proteose, gave this corpuscular efiect, commercial “peptone,” of 
which certam brands contam much proteose, was tried Witte’s peptone 
was used in three, and Bacto peptone m two experiments, 15 mg peptone 
pet kilo body weight bemg dissolved m sahne and mjected subcu- 
taneously The results are shown m Table Y There was an average 
corpuscular content of 050 p c sugar 

Discussion From the results recorded above it would appear that 
the red blood corpuscle of the rabbit is a cell which normally m vivo 
contains only a very small amount of reduemg substance, or glucose, 
but that its permeabihty to reduemg substances may be mcreased by 
a variety of agents The experiments also give some support to the view 
that “insulm” contams a thermostable substance which is able to change 
the permeability of the corpuscular membrane to sugar, and which is 
mdependent of the hypoglycsemio factor 

Hausler and Loewipo), m a prelimmary note, have stated that 
insulin causes permeabihty changes m certam body cells These authors 
find that when glucose is added to ground-up tissue from ox arteries and 
the whole centrifuged, the amount of reduemg substance remains 
constant in the supernatant fluid, if msubn be added, however the 
sugar m the fluid dimmishes, indicating mcreased permeabihty of the 
artery cells They obtam the same results with washed red blood cor- 
puscles, controls mdicating that glycolysis, or mere swellmg of the cells, 
did not account for the phenomenon Although, m our opmion, experi- 
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ments with, washed corpuscles or with oxalated blood are of doubtful 
value m throwmg hght on conditions in vivo, yet Hausler and Loewi’s 
results m conjunction with the stdl more recent results of Seeker (U) 
must be taken as mdicatmg the presence in insulin of a factor capable of 
inducmg permeability changes m body cells in iniro Neither of these 
authors seems to have done controls with “mactivated” msuhn, te 
insulm no longer capable of produemg hypoglyceemia when mjected into 
rabbits, but otherwise changed as little as possible It seems to us likely 
(and this is supported by unpublished experiments of one of us in collabo- 
ration with Mr A Carruthers) that most, if not all, specimens of insulin 
contain more than one physiologically active factor Experiments 
(Kay and Smith(i3)) on the blood volume of rabbits following mjection 
of msuhn pomt m the same direction Seckerpi) has shown that, m 
presence of calcium, guanidine has a similar efiect to insulm on the per- 
meability of the erythrocyte of the ox or sheep in vitro and our experi- 
ments would mdicate that mjected peptone can brmg about permeability 
changes in vivo similar to those produced by msulm 

Until a pure substance of definite chemical composition can be 
isolated, it is clear that the name “msuhn” cannot be precisely used, 
and may cover a number of factors beside the hypoglycsemic one It 
seems reasonable to endeavour to relate other possible physiological 
properties of a preparation of msuhn with its eftect on the blood sugar 
level by controls with mactivated matenal Although this would auto- 
matically be done with an enzyme preparation, it has almost mvariably 
been neglected hitherto m work with msulm 

Whether or not the amount of reduemg substance m the corpuscle 
of the normal rabbit — 0 02 p c reckoned as glucose — can be taken to be 
the amount normally present inside the cells of other tissues remams 
for the time bemg no more than an mterestmg speculation 

SuMMABV 

1 In the blood of the normal rabbit only a relatively small proportion 
of the reduemg substance is present m the corpuscles 

2 Addition of anticoagulants to shed blood alters fundamentally 
the permeability of the corpuscular membrane to reduemg substance 

3 The amoimt of the reduemg substance m the rabbit s corpuscle 
in VIVO IB both relatively and absolutely mcreased by previous mjection 
of insulin, “mactivated msulm” and peptone solutions 

4 It is almost certam that glucose is still present in rabbit s blood 
at the stage of hypoglyceemia at which convulsions occur 
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THE RELATION OF SECRETIN FORMATION TO THE 
ENTRANCE OF ACID CHYME INTO THE SMALL 
INTESTINE — THE PROPERTIES OF SECRETIN 
Bt J MELLANBY and A St G HUGGETT 

{From the Physiological Laboratory, Si Thomas’s Hospital, London ) 

In a previous paper (i) the hypothesis was put forward that the meta- 
bohsm of the pancreatic enzymes is under the control of the vagus 
nerves, whilst secretm causes the cells of the pancreas to produce a 
copious flow of sodium bicarbonate ( 14 N) which carries the pancreatic 
enzymes with it On this hypothesis, secretm ensures the presence m 
the mtestme of an adequate supply of sodium bicarbonate to preserve 
the neutrality of the mtestme durmg the action of the pancreatic and 
mtestmal enzymes According to Bayliss and Starling(2) secretm is 
derived from prosecretm by the action of acid, and proseoretm exists 
only m that situation where it is m a position to be acted upon by the 
acid chyme and to discharge mto the blood the substance which acts 
as a timely stimulus to the pancreatic cells As a corollary to these 
statements the secretion of pancreatic juice, produced by secretm, has 
been causally connected with the secretion of hydrochloric acid by the 
gastric mucosa In so far that apparently normal mtestmal digestion 
may be associated with the complete absence of hydrochloric acid from 
gastric juice, it follows from this hypothesis that the vagus plays the 
dommant rfile, whilst the secretm mechanism may be adjuvant, but is 
not essential, to pancreatic secretion This conclusion, however, is 
diflScult to reconcile with the demonstrable facts of pancreatic secretion 
Vagal pancreatic jmce though rrich m enzymes is extremely scanty m 
quantity and after prolonged vagal stimulation the ceUs of the pancreas 
show marked signs of exhaustion Secretm juice, on the other hand, 
although relatively poor m enzymes compared to vagal juice, is secreted 
m copious quantities, and after a long period of secretion the cells of the 
pancreas show no sign of exhaustion under the secretm stimulus There- 
fore, m order to elucidate these difficulties, and more particularly to 
reconcile the facts of normal pancreatic digestion with achlorrhydria, 
the distribution of prosecretm m the alimentary canal, the assumed 
existence of prosecretm and the properties of secretm were mvestigated 
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The dislribuUon of prosecretin m the alimentary canal Bayhss and 
Starling(3) found that secretm extracts of the duodenum u-ere more 
effective m causmg a flovr of pancreatic ]uice than those of the jejunum, 
uhilst those of the deum vrere mactive Similarly, Lalou(-l) made 
secretm extracts from the mucous membrane of various parts of the 
ahmentaiv canal and compared their secretm contents on the same dog 
He found that the extract of the duodenum contamed approximately 
ten tunes as much secretm as the correspondmg extract from the ileum 
and eighty tunes as much as the stomach extract In the mvestigation 
of the distribution of secretm m the small mtestme, the anatomical 
division of that portion of the gut mto duodenum, jejunum and ileum 
vras not foUoued It appeared more reasonable to estimate the relative 
quantities of secretm m those portions of the gut m which digestion and 
absorption vanes to the greatest extent For this reason the secretm 
contents of the mucons membrane of the stomach (fundus and pylorus), 
small mtestme (upper, middle and lowest third) and ascendmg colon 
were estimated These experiments were earned out at the beginning 
of the mvestigation when it was assumed that secretm exists m the m- 
active form (prosecretm) m the mucous membrane The extracts were 
therefore made by 2 p c HCl m the method of Bayhss and Starling 
The results are, however, comparable to those ohtamed with other 
extractives of secretm 

The mucous membrane was scraped from the alimentary canal of a 
goat withm one hour of its death 20 grm of the mucons membrane from 
various portions, after bemg well ground up with sand, were boded with 
40 c c of HCl 2 p c , neutralised and filtered accordmg to the accepted 
method for makmg secretm, 4c c of each of these filtrates was mjected 
m turn mto the femoral vem of an anaesthetised cat (urethane 1 5 grm 
per kilo) and the quantitv of resultmg secretion from the pancreatic duct 
was measured 


Part of put taken 
Fundus of stomach 
Pvlorus of stomach 
Upper third of small mtestme 
Middle third of small mtestme 
LoTvest third of small mtestme 
Ascending colon 


Pancreatic jmee 
secreted m c c 
Xil 
Xil 
2 75 
26 
0-5 
0-2 


These figures confirm to some extent the observations of Bayhss and 
Starling and of Lalou, on the distribution of prosecretin The fact 
however which we desire to emphasise is that prosecretm exists m 
practicallv nudimraished quantities m two-thnds of the small mtestme 



124 J MELLANBY AND A St G HUGGETT 

of th.e goat It is evident, therefore, on the acid hypothesis of secretin 
formation, that although hydrochloric acid of the gastric juice may be 
an important factor m the formation of secretm from prosecretin, yet 
other substances produced in the mtestme may enter mto the mechanism. 
In this connection, ammo acids produced from the digestion of protem 
m the duodenum and jejunum were considered as a possible source of 
acid This hypothesis appeared to be verified by certam experimental 
results Active secretm extracts were obtained by boilmg the mtestmal 
mucosa with water contammg glutamic acid, leucme, tyrosme, etc It 
appeared, therefore, that the occurrence of prosecretm m considerable 
quantities m the mucous membrane of the mtestme well below the action 
of acid chyme might be appreciable on the hypothesis that amino acids 
could actively participate m the reaction As an extension of the hypo- 
thesis, it 18 evident that fatty acids obtamed from the digestion of fat 
by the first secreted pancreatic lipase might also participate m this 
mechanism smce, as Moore and Rockwoodpe) have shown, a meal 
of fat mduces a weak acidic reaction throughout the greater part of 
the small mtestme m the dog In order to test the accuracy of the 
hypothesis that ammo acids and organic acids might convert prosecretm 
mto secretm and thus supplement the mitial excitatory action of the 
acid chyme, the capacities of a variety of solvents to extract secretm from 
the intestinal mucosa were determmed 

The existence of frosecretin According to Bayliss and Starling!®) 
secretm is formed from prosecretm by a process of hydrolysis They found 
that mmeral acids were more effective than organic acids m producing 
this reaction and that a weak acid like carbomc acid was mefiective 
These results were confirmed and extended by Camus (6) who, m 
addition to carbonic acid, found that bone acid was mcapable of pro- 
ducing secretm from its precursor in the mtestmal mucous membrane 
In marked contrast to these results, a large number of observers have 
produced active extracts of secretm from the mtestmal mucous membrane 
by solutions contammg substances other than acids Among such sub- 
stances may be mentioned sodium oleate (FIeig(7)), chloral hydrate 
(F alio 186(8)), ethyl alcohol (Fleig(8)), sodium chloride (Delezenne and 
Pozerskifio)), Witte’s peptone (Gley(U)), cane sugar, glycme, urea and 
soaps (Frouin and Lalou(i2)) In order to test the hypothesis that the 
precursor of secretm (prosecretm) exists m the mucous membrane of the 
small mtestme and that this precursor is effectively hydrolysed by acids 
only, and thereby converted mto secretm, the followmg experiment was 
carried out 
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The mucous membrane of the upper two thirds of the smaU mtestme of a pig was 
ground up with sand and divided mto ten equal portions. Each portion was boiled ^th 
twice the quantity by volume of (1) 75 p c alcohol, (2) 75 p c acetone, (3) 6 p o haC!, 
(4) 7pc Naa(6)H,0,(6) 05 p c. NaOH, (7) Ipc NaOH,(8) 2pc NaOH, (9) phosphate 
pH 6 6 and (10) phosphate pH 7 6 After neutralisation (if necessary) and filtenng, the 
filtrates were tested for seoretm on a cat antesthetised with urethane (1 6 gnn per kilo) 
The number of drops of pancreatio jmce and the rate of secretion were determined m each 
case after the mtravenous injection of 2 o c of the filtrates mto the femoral vem 



75 p c alcohol ' 

76 p 0 acetone 

6 p c. NaCl 

7 p c 

Naa 

H, 

0 

Drops 

m 

a 

m 

8 

m 

8. 

m 

a 

m 

8 

2 


47 

1 

30 


47 

1 

40 

1 

55 

4 

1 

10 

2 

0 

1 

20 

2 

25 

2 

46 

6 

1 

67 

3 

7 

1 

63 

3 

6 

4 

6 

8 

2 

43 

4 

2 

2 

24 

3 

68 

5 

35 

10 

3 

15 

4 

47 

2 

68 

4 

46 

7 

3 

12 

3 

46 

6 

33 

3 

36 

5 

36 

8 

56 

10 

4 

69 

7 

20 

5 

23 

8 

6 

10 

0 

20 

6 

16 

9 

49 

7 

45 

12 

10 

— 

- 

24 

7 

47 

14 

57 

11 

9 

- 

- 

- 

- 

28 

9 

45 

- 

- 

- 

- 

- 

- 

- 

— 








Phosphate 

Phosphate 


05 p a 

, NaOH 

1 p 0 

NaOH 

2 p 0 

NaOH 

pH.6 6 

pH 7 6 

Drops 

m 

s 

m 

e 

m 

a 

m 

a 

m 

a 

2 

1 

36 

2 

6 

1 

25 

1 

50 

1 

65 

4 

2 

26 

3 

31 

2 

20 

2 

40 

2 

53 

0 

3 

0 

4 

62 

3 

35 

3 

65 

4 

6 

8 

3 

51 

6 

64 

4 

63 

6 

30 

5 

38 

10 

4 

48 

10 

62 

6 

35 

7 

60 

8 

10 

12 

6 

49 

17 

30 

9 

40 

13 

20 

13 

0 

16 

8 

18 


— 


— 


— 

- 

_ 

20 

13 

12 


— 


~ 


— 

- 

— 


It may be obaexwed that the filtrates from tbe 75 p c alcobol extract 
contam only about 50 p c alcobol omng to tbe quantity of water con- 
tamed m tbe mtestmal mucosa whicb is subjected to extraction Similar 
remarks apply to tbe acetone extract Tbe results mdicate tbe apparent 
marked diversity of solutions wbicb can be used as effective extractives 
of secretm Tbe efficiency of ddute alcobol for tbe preparation of secretm 
IS well illustrated Withm 10 mmutes of tbe mjection of 2 c c of alcobolic 
secretm mto tbe blood stream, tbe pancreas secreted 2 c c of juice In 
order to emphasise tbe efficiency of dilute alcobol as an extractive for 
secretm, an experiment was carried out m wbicb dilute alcobol and 
2 p c HCl were compared directly Tbe results obtamed are given 
below (p 126) 


Tbe result emphasises tbe marked superiority of dilute alcobol over 
acid for tbe preparation of secretm extracts from tbe mtestmal mucous 
membrane Tbe comparative records of tbe two experiments show that 
acid IB a less efiective extract for secretm than alcobol (50 p c ) acetone 
(oO p c ), 5 p c NaCl and 7 p c NaCl 
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76 p 0 alcohol 

2 pc HCl 

Drops 

m 8 

m. 8 

2 

16 

1 0 

4 

60 

1 25 

6 

1 12 

1 60 

8 

1 36 

2 16 

10 

2 6 

2 46 

12 

2 60 

3 27 

16 

4 13 

6 26 

20 

6 43 

8 10 

24 

7 20 



28 

9 14 



32 

11 0 



Total jmce 

2 2 c c 

1 4 0 c 


It IS evident that hydrochloric acid possesses no specific capacity for 
the preparation of secretin extracts from the mtestmal mucosa The fact 
that a comparatively strong solution of alkali ( 2 p c NaOH) is able to 
extract secretm is a definite proof against the hypothesis that pro 
secretin is hydrolysed by acids with the formation of secretm The 
experiments establish the fact that secretm is contamed m a preformed 
condition m the mucous membrane of the upper two-thirds of the small 
mtestme, and that this secretm is soluble m water, and is stable m dilute 
solutions of acid, acetone and alcohol 

Properties of secretin According to the observations of Bayliss and 
Starling and W A Os borne(iS), secretm may be regarded as a sunple 
substance since it is stable when boiled m dilute acid or alkaline solutions 
and may be dialysed Further, accordmg to these observers, it is not 
precipitated from solution by tannic acid, a fact which differentiates it 
from a protem, alkaloid or diammo acid On the other hand, it may 
be removed from solution by salts of the heavy metals Dale and 
Laidlow(i4) showed that the precipitation of secretm by mercury salts 
could be utdised to purify secretm preparations It has been stated ps) 
that secretm appears to be an amme derived by decarboxylation of an 
ammo acid, but the evidence m support of this statement is not available 
Solubility From the foregoing experiments it is evident that secretm 
m the mtestmal mucosa is freely soluble m water, and is comparatively 
stable when boiled m solutions of sodium chloride (5 p c ), phosphate 
(pH 6 6 and 10 5), dilute acids ( 2 p c HCl), dilute aUcab ( 1 p c NaOH), 
dilute alcohol (50 p c ) and dilute acetone (50 pc) 

Action of enzymes Bayliss and Starling found that secretm is 
rapidly destroyed by trypsm This fact would appear to mdicate that 
secretm is a protem or polypeptide capable of bemg hydrolysed by this 
enzyme Secretm, however, is readily destroyed by pepsm and since 
rapid peptic digestion proceeds only as far as proteoses it follows that 
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secretm must belong to that class of protems Alternatively, secretm 
may be a relatively simple substance wbicb owes its solubibty to its 
association with a proteose, and when this association is broken by 
digestive enzymes tbe labile secretm is destroyed In tbis connection 
the action of mtestinal rntracellular enzymes is of practical importance 
It IS well known that secretm solutions made m a rontme manner show 
considerable variations m activity The circumstances nnderlymg these 
variations were determmed An important factor was the duration of 
the mterval between the death of the animal and the extraction of the 
mtestmal mucosa The followmg experiment illustrates this statement 
and indicates the cause of the variation 

The mucous membrane from the small mtestme of a pig was divided mto three equal 
portions and suspended m (a) HjO, (6) 2 p c HCl, and (c) alkahne phosphate (pH 10 5) 
The suspensions were left at 37° C for 1 hour After this time secretm solutions were 
prepared from them m the usual wav bv boding, etc The aTUaUne phosphate solution showed 
a slight amount of actmtT the water and 2 p c HCl extracts were completelv inactive 

It IS evident, therefore, that secretm is destroyed by the enz 3 mies 
m the mtestmal mucosa, rapidly m a neutral or acid medium and more 
slowly m an alkahne medium 

Precipitation (a) Ammonium sulphate The precipitation of secretm 
solutions by Am 2 S 04 gives characteristic results The precipitate formed 
by half saturation with AmaSO^ contains no secretm, the precipitate 
obtamed by saturation of the filtrate from this mixture with A^SO^ 
contains all the secretin of the origmal solution 

(6) Alcohol added to a secretm solution to the extent of 85 p c at 
0° C produces a partial precipitation of secretm 

(c) Tannic acid From the foregomg description it is evident that 
secretin is soluble m water, is not destroyed by heat (100° C ), is not 
precipitated by half saturation but is precipitated by full saturation 
with Am 2 S 04 Further, it is rapidly destroyed by trypsin, pepsm and 
the rntracellular enzymes of the small enzymes of the small mtestme 
All these properties mdicate that secretm is a secondary albumose 
Bayliss and Starling, however, suggest that secretm belongs to a 
much Bunpler class of substances, smce it is not precipitated by tannic 
acid Detailed experiments were therefore carried out to analyse this 
precipitation The complete precipitation of protems by tanmc acid is 
a matter of considerable difficulty The reaction of the fimd must be 
made shghtly acid and the degree of acidity and the required amount 
of tannic acid vanes with every protem solution These difficulties have 
been recognised by Alm4n, who has made a tanmc acid reagent con- 
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taming acetic acid and alcohol which he states to be a more efiective 
precipitate than ordmary tannic acid solutions The activities of a 
secretm solution before and after precipitation by tannic acid and 
Alni6n s reagent are shown m the following figures which were all 
obtamed from the same cat 



Ongmal seoretm 


solution 

Drops 

m 

a 

5 

1 

55 

10 

3 

0 

15 

4 

1 

20 

5 

8 

25 

0 

1 

50 

11 

30 

75 

22 

23 

Total 

luioe 4 3 0 c 


Piltrate after ppt. 

nitrate after ppt. 

by tanmo acid 

by Aim&’s reagent 

m 8. 

m a 

3 36 

1 66 

* 5 0 

3 26 

6 38 

6 36 

8 40 

8 29 

12 20 

14 45 

1 6 e 0 

1 4 0 c 


It IS evident that tannic acid removes considerable quantities of 
secretm from solution, the amount removed bemg comparable to the 
proportion of protem precipitated The results certainly offer no evidence 
m favour of the hypothesis that secretm is not a protem 

Colloidal iron and colloidal gold Secretm is not precipitated from 
solution by either positively or negatively charged suspensoid colloids 
The precipitation of coUoidal iron m a secretm solution does not dimmish 
the secretm activity of the resuJtmg filtrate A similar fact is true for 
colloidal gold precipitation Prom this it may be inferred that secretm 
IS electrically neutral when dissolved m water 

The action of the -products of peptic digestion on pancreatic secretion 
The foregomg facts suggested that secretm is a secondary albumose 
formed m gastric digestion which, when absorbed mto the blood, stimu- 
lates the pancreas to secrete This hypothesis, if correct, would corre- 
late gastric and pancreatic functions No experimental evidence was 
obtamed m favour of it The mtra venous mjection of proteose solutions 
and peptic digests m all stages of digestion into cats never produced any 
secretion from the pancreas, although control experiments with secretm 
evoked well-marked pancreatic secretion The hypothesis was directly 
negatived by an experiment with a fcetal goat obtamed from the uterus 
two weeks before full term The small mtestme of this foetus, when ex- 
tracted with 2 p c HCl m the usual way for the preparation of secretm, 
produced a well-marked secretion of pancreatic juice when injected mto 
a cat It 18 evident, therefore, that secretm has no direct relation to 
gastric digestion unless the secretin m the fcetal mucous membrane is 
derived from the secretm m the maternal goat’s blood and stored m it 
durmg development 
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Secretin as a 'primary amine Secretm is described by EobeitsondS) 
as a primary amme derived by decarboxylation of an ammo acid This 
statement vras tested by submrttmg a secretin solution to tbe action of 
nitrous acid Eo destruction of secretm occurred Smce nitrous acid 
decomposes primary ammes vntb tbe evolution of nitrogen, it is evident 
that tbe statement made by Bobertson is maccurate 

Discussion 

Tbe experimental results sboiv tbat considerable quantities of secretm 
exist m tbe mucous membrane of tbe upper tmo-tbirds of tbe small 
mtestme There is no evidence tbat hydrocbloric acid is necessary for 
tbe formation of secretm from an assumed precursor m tbe cells of tbe 
mtestmal mucosa, nor is there any evidence that this assumed precursor 
exists only in that portion of the small mtestme m which it is m a position 
to be acted upon by acid chyme Tbe experimental facts do not afiord 
any basis for tbe assumption that pancreatic secretion and gastric 
hydrochloric acid are causally connected burther, the results show that 
the secretm mechanism for the production of pancreatic juice may 
function m complete gastric achlorrbydria An analysis of the properties 
of secretm shows that it is soluble m water, is not destroyed by heat 
(100° C ), is not precipitated by half saturation with Am 2 S 04 , but by 
full saturation with this salt Further, secretm is rapidly destroyed by 
pepsm, trypsm and the mtracellular enzymes of the small mtestme AH 
these properties mdicate that secretm is a secondary albumose or is 
mtunately associated with a secondary albumose Experiments with 
various protem fractious obtamed by peptic and tryptic digestion in- 
dicate that secretm is not derived from tbe digestion of protem food- 
stuffs This conclusion was confirmed by the fact that the small mtestme 
of an i mm ature foetal goat, taken directly from the uterus, contamed 
large quantities of secretm 

SUJDIABY 

1 Secretm exists m a preformed state m considerable quantities m 
the mucous membrane of the upper two-thuds of the small mtestme 
A relatively small quantity of secretm may be extracted from the lowest 
thud of the mtestme 

2 Secretm contamed m the mucous membrane of the mtestme is 
soluble in water, and is relatively stable m dilute solutions of acid, alkab, 
alcohol and acetone It ma\ therefore be obtamed by extracting the 
mucous membrane of the upper two-thuds of the small mtestme with 

PH LXL 


9 
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water, 2 p c NaOH, phosphate solutions (pH 7 6, 6 6), 2 p o SCI, 
76 p c alcohol and 75 p c acetone 

3 There is no evidence that gastric hydrochloric acid converts a 
precursor (prosecretin) m the duodenal mucous membrane into secretin 
and thereby excites a flow of pancreatic juice 

4 Secretm possesses all the properties of a secondary albumose, 
bemg soluble m water, precipitated on full saturation with AinjS 04 and 
destroyed by pepsm, trypsm and the mtracellular enzymes of the small 
mtestme 

5 Secretm is not derived from the abmentary digestion of protem, 
since it IS present m considerable quantities m the small mtestme of the 
foetus 

6 There is no evidence that the chemical group to which secretm 
owes its activity is of the nature of a primary amme 

The expenses of this work were defrayed by a grant from the Govenunent Grant 
Committee of the Royal Society 


REFERENCES 

1 Mellanby This Joum. 60 p 86 1925 

2 Bayliss and Starling Ihid 29 p 180 1903 

3 Bayliss and Starling Ibid. 28 p 331 1902 

4 Lalon Recherohes but la seoretine, p 12 

5 Bayliss and Starling This Journ 28 p 340 1902 

6 Camus. Jonm de PhysioL 4 p 1002 1902 

7 Fleig Ibid. 6 p 32 1904 

8 Falloise Bnll de I'Acad roy de Beige p 767 1903 

9 Fleig C R de la Soo de Biol 65 p 1277 1903 

10 Delezenne and Pozerski Ibid. 68 p 987 1904 

11 Gley C R de I’Acad de Sci, 161 p 346 1910 

12 Frouin and Raloii C R de la Soo de Biol 71 p 189 1911 

13 W A. Osborne Quoted in paper by Bayliss and Starling 'This Joum 28 p 334 

1902 

14 Dale and Laidlo'\v Ibid. 44 1912 Proo Physiol Soo p xx. 

15 Robertson Principles of Biochemistiy 2nd edit p 416 
10 Moore and RocIvM’ood This Joum 21 p 373 1897 



ON THE NATURE AND SIGNIFICANCE OF VAGUS 
ESCAPE Bt R J S McDO^VALL 

{From the Department of Physiailogp, King’s College, London ) 

The escape of the heart from vagus mhibition has generally been 
attributed either to an outburst of energy stored during rest or to a 
fatigue of the nerve endings Hill and Barnard(i)j hovrever, shoved 
that compressmg the abdomen vrhen the heart vas stopped, and thus 
producing a rise of pressure on the right side of the heart, might cause 
escape, and more recently Bainbtidgep) found that increase m the 
pressure m the right heart by venous injection increased the rate of the 
heart beat Smce this did not occur after section of the vagus he con- 
sidered that the effect vas a reffex one by vay of the vagus, although 
he did not exclude enfarely mcreased sympathetic action It seemed 
then possible that mcreased blood pressure m the right side of the heart, 
caused by mcreased venous pressure, might play an important part m 
vagus escape, and this question I have mvestigated All the expen- 
ments vere made on cats, anaesthetised m the first mstance mth ether 
and later with choralose, and m order to make the conditions as near 
as possible to those occurring ordmanly m life nearly all my experiments 
have been made of escape from partial, not complete, inhibition Further 
I have discarded all experiments m vhich there vas mdication of shock. 

The effect ofienoiis pressure on lagus escape 
In these experiments venous pressure vas recorded by a method 
vhich I have described elsewhere (3) The heart rate was recorded by 
au ordmary mercunal manometer It was reahsed, however, that stnctly 
speaking this may not always be correct, but with high blood-pressures 
it has been found on checkmg that the waves were reasonably accurate 
records of left ventncular beats 

Raised xenons pressure The nse of venous pressure which occurs 
on stimulation of the vagus m an animal with good circulation is as 
stnkmg as the faff of arterial pressure (Fig 1), and this fact together 
with the observation that after a brief penod of vagal stimulation the 
heart is markedly accelerated was really the startmg pomt of this in- 
1 estigahon Such a nse can also be simply produced by mjectmg fluid, 

9—2 



132 R J S MaDOWALL 

such, as gum-saliuej into the veins When the strength of stunulus was 
increased to an extent which just prevented the escape, the escape was 



Fig 1 1 mm o£ traomg = 3mm pressure. Pulmonary and venous prossuro m mm. 

HjO, oartoid m mm. Hg Typical result of stoppmg the heart by stimnlatuig the 
vagus. Pulmonary and carotid pressures both fall, venous pressure rises abruptly 
When the venous pressure has nsen to 70 mm. H,0 ventnouJar escape ooonrs which 
brings about a partial recovery of the arterial pressure and a shght decrease of the 
venous. On shuttmg off the stimulation (second arrow) there is typical recovery 

readily brought about on the injection of fluid This occurred even 
when the fluid injected was at ordinary laboratory temperature, so that 
apparently the efiect of the tension more than counteracted the effect 
of the cold The venous pressure could also be raised by compressmg 
the abdomen and vagus escape brought about in this way as pomted 
out by Hill and Barnardfi) In such procedure, however, the arterial 
pressure is also raised and if the vagi were mtact it might be expected 
that the rise of aortic pressure would have the opposite effect and slow 
the heart by means of the depressor reflex Apparently however as a 
rule the rise of venous pressure more than counterbalances the effect 
of the nse of aortic pressure, but m one experiment the compression of 
the abdomen with the band brought about a prebmmary slowmg of the 
heart which was followed by an acceleration although the blood-pressure 
bad risen to a higher level, mdicatmg that m this mstance the rise of 
aortic pressure caused m the first mstance a slowmg of the heart which 
more than counterbalanced the rise of venous pressure (Fig 2) 
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It -was also noted tliat after raising the venous pressure by com- 
pression of the abdomen a strength of stunulus -which brought about 



Eg 2 Tracing artcnal pleasure Abdomen compressed at arrow 

vagal inhibition might no longer do so In such compression of the 
abdomen it ivas noted also that the effect became less if the compression 
■was often repeated, -while if the venous pressure was abeady high no 
further increase could be expected to cause further acceleration It -will 
of course be understood that what has been said above refers to escape 
from the minimal stimulus which -will brmg about inhibition 

Prevention of the rise of venous pressure The nse of venous pressure 
which occurs m vagal stimulation can readfly be prevented by mtro- 
ducmg between the venous cannula and the manometer a compensator 
such as that described by Roberts (4) or a valve It was found, as seen 
m Fig 3, that if m this way the venous nse was prevented, vagus escape 
did not occur but as soon as the compensator was shut off and the 
venous pressure permitted to nse, vagus escape at once took place In 



Eg 3 X i stimulation of vaguB begun at first arrow and continued tbrougbout. At the 
Becond arrow, which are corresponding points m the two tracmgs, the venous pressnre 
was allowed to nse and there is at once an increase in heart rate. 
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carrying out this experiment great care has to be taken to insure that 
the venous cannula is qmte free as the heemorrhage into the compensator 
tends to lead to blocking 

Lowered venous 'pressure As I pointed out m a previous paper (S), 
after severe hmmorrhage the venous pressure becomes so low that 
appreciable slowing of the heart does not alter the cardiac output per 
minute, smce the fiUing is increased by the lengthened diastole For 
this reason if the venous pressure is sufficiently low, there is httle or no 
change m the arterial and venous pressures, and it is found that m such 
circumstances vagus escape does not occur If the haemorrhage is less 
severe the escape is delayed appreciably, apparently because a larger 
rise of venous pressure must occur before the cardio-accelerator me- 
chamsm is stimulated sufficiently In Fig 4 is given an example where 
the rise of venous pressure in the superior vena cava rose from 26 to 40 



Fig 4 In A in wluoh the venous pressure nses from 20 to over 40 mm there is con 
Biderable, but not complete, escape although the vagus was stimulated contmuoosly, 
commenomg at the arrow 

B taken from the same animal after hromoirhage Pr =110, the venous pressure 
has fallen proportionately very much more. The vagus was stimulated between t e 
arrows there is no appreciable recovery of the normal rate But it will be note 
that the venous pressure never rose above a maximum of zero mm 
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and a typical escape ivas 'bronglit alioat, wliile a few minutes later after 
severe liaemorrliage whicli lowered tlie venous pressure appreciably and 
on stimulation it never rose above a maximum of zero, no escape 
occurred It was also found that m the latter instance the strength of 
stimulus necessary to brmg about even a great slowing of the heart was 
appreciably less 

The efiect of hsemorrhage was also seen if the loss of blood took 
place during the escape and it was found that in such circumstances 
the escape tends to disappear and the vagus action to become more 
effective as the hemorrhage proceeds (Fig 5) This experiment is not, 
however, always successful smce it depends on a narrow range both of 
strength of stimulus and degree of hemorrhage In experiments con- 
trolled by taking the venous pressure at the same tune, it was found 
that the normal rise of venous pressure on vagal stimulation was con- 
verted mto an enormous fall by the hemorrhage 

The effect of the strength of stimulus on lagus escape 
Hough (6) and others have recorded that vagus stimulation had after 
a tune no effect Sundarly m these experiments after vagal inhibition 
from which there had been complete escape, it was found that frequently 
the same strength of stimulation no longer would bring about inhibihon. 
This has been noted even when there has been vagal stunulation without 
actual escape It has been pomted out bv ilacIVilliamiT) that durmg 
vagal inhibition there is diminished imtabditv even to subsequent vagal 
stimulation In some animak a moderate stimulus allowed a partial 
escape only, that is although the heart rate recovered to a large extent 
recovery was not complete, which appeared to mdicate that the strength 
of stimulus used was m excess of the counteracting stimulus brought 
about by the nse m venous pressure Even when the escape was com- 
plete a strengthemng of the stimulus usually brought about further 
inhibition It is also observed most clearly that hemorrhage mcreased 
the sensitivity of the ammal to vagal stimulation (see Figs 4 A and 4 B) 
In two animals it was found qmte impossible to stimulate the vagus by 
any strength of current, and this I understand has been with some 
other workers, eg Hough (6), a fairly common expenence In the 
animals referred to. it was found that the venous pressure was ab- 
normaUy high, over 100 mm HjO, and on reducmg this by bleeding the 
reaction of the animal to vagal stimulation became normal This would 
appear to show that the venous pressure was so high that no amount 
of vagal stimulation could counteract it The cause of this high venous 
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pressure is not yet clear The expenments were earned out under con- 
ditions similar to scores of others, except that they were done during 
the heat wave when the animals had been kept and experimented upon 



m rooms over 80° F It seems possible that the high venous pressure 
was brought about by the secretion of adrenaline which Cramer (6) has 
suggestedoccurs m such circuiiistances or to cardiac impairment produced 
at the early stage of the experiment by excess of volatile anaesthetic 
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The relation of vagus escape to the nervous control of the heart 
Bdatwn to so-called vagus tone In these experiments animals with 
a marked vagus tone were chosen in order that any dunmution m this 
tone would be more clearly evident Normally m such animals section 
of the vagi hrmgs ahont a very much mcreased rate of the heart and 
nse of blood-pressure If, however, the vagi are cut durmg vagus escape 
it IS found that there is no further increase m the heart rate The 
absence of vagus tone may be shown m other ways Nervous impulses 
passmg down by the vagus were blocked by passmg a constant current 
through each nerve The blockmg caused an mcrease m the heart rate 
similar to that caused by section of the vagi 'When, however, con- 
duction was blocked durmg vagus escape or immediately after it, there 
was no mcrease m heart rate (Fig 6) The above experiments show 
conclusively that stimulation of the vagus brings about a disappearance 
of the normal vagus tone, even m the nerve which is not bemg stimu- 
lated It has been clearly seen, however, that the loss of vagus tone 
IS not wholly responsible for the escape as the latter may take place after 
section of both vagi BainbridgeP) could not find evidence of any 
other afferent path for the acceleration produced by venous mjection 
than by the vagus, but it does not seem at all clear that his experiments 
were conclusive on this pomt As it has been shown by Langley(8) 
and McDowall(9), usmg different methods, that afferent impulses pass 
from thoracic viscera by^ way of the stellate ganghon, it seems qmte 
probable that impulses concerned m this reflex may also pass by way 
of afferent sympathetic fibres, and that this must he so is suggested by 
the marked effect of removal of the stellate gangha 

Relation to the sympathetic This can be most easily demonstrated 
by removal of the stellate gangha These are most readily exposed by 
detachmg the second nb at its chondro-sternal junction, cuttmg down 
each side of the nb, takmg care to avoid the mtercostal artenes at the 
infra costal margm, and forcibly dislocatmg the nb outwards, com- 
pletmg the exposure of the gangha by blunt dissection In some of these 
experiments the decrease of vagus tone was excluded by section of the 
vagi 

When the gangha had been removed and the electrodes apphed to 
the penpheral vagus m the neck, it was found that very slight slowmg 
18 mamtamed with httle or no change (Fig 7) A very shght escape is 
sometimes seen but this is not comparable with that seen normally and 
may be taken to be due to some direct effect of the nse of venous 
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pressure on the nght side of the heart The only limit, indeed, to vagal 
inhibition appears to be the life of the animal The anoxsemia of venous 



Pig 7 Artenal pressure, vagi cut, stellate ganglion removed, peripheral end of left 
vagus stimulated between the arrows No escape From A to S the stimnlating 
current was shot off temporarily 

congestion, as shown by Bolton(io), brings about an increased per- 
meabihty of the capillaries and oedema and hence it is found that after 
stimulation of the vagus for a rmnute although the arterial pressure 
may recover, the rise m venous pressure is followed by a marked re 
duction, such as occurs in hsemorrhage or in histamme shock Vagal 
stimulation has been kept up for over an hour durmg which the blood- 
pressure fell from 150 to 20 mm of mercuiy These results confirm those 
of Hough who concluded that vagus escape was certainly not due to 
vagus fatigue The experiments mdicate that stimulation of the sympa 
thetic IS as important a factor as loss of vagus tone 

Discussion 

It may be reasonably concluded that there occurs dunng vagus 
escape a decrease in the action of the cardio-mhibitory centre or what 
Langley suggests should be called “vagus restraint” rather than 
“vagus tone,” and the stimulation of the sympathetic, which taken 
together may be called a stimulation of what is best described as the 
cardio-accelerator mechanism, and from the evidence previously given 
m relation to venous pressure, it may also be concluded that the means 
by which the mechanism is stimulated durmg vagus escape is that 
which takes place normally m exercise, namely a rise m venous pressure 
Three pieces of evidence, namely the relation of venous pressure, of 




VAGUS ESCAPE 


139 


vagus testramt and of tlie sympatlietac are all the more convmcmg as 
they are all quite separate yet ate mutually supporting It could mdeed 
be most readily argued that the most likely thmg to bring about such 
nervous changes under such circumstances as vagal stimulation vould 
be a rise of venous pressure even if it had not been shovm that this vras 
brought about 

Although the above results appear to shov fairly conclusively that 
the stimulation of the cardio-accelerator mechanism is the cause of the 
vagus escape, one other possibihty requites careful consideration, namely 
that the fall of arterial pressure dunng vagal inhibition might, m ac- 
cordance mth ilarey’s Lav, bring about a quickemng of the heart 
Were this the case it might reasonably be expected that the reduction 
of blood-pressure by htemorrhage vould render the ammal less sensitive 
to vagus stimulation, while the reverse is found to be clearly the case 
Also it vould be anticipated that vere vagus escape due to fall of 
arterial pressure, it vould occur vhenevet the arterial fall occurs, what- 
ever the change of the venous pressure, and this we have seen above 
13 clearly not the case Further, when an animal was bled durmg the 
escape to an extent below that to which it was lowered by the cardiac 
mhibition, the result was mcreased slovmg rather than qmckemng It 
may then be concluded that the fall of artenal pressure is not an im- 
portant factor m the production of vagus escape although possibly it 
may assist In view of the above and the fact that ve know that m 
exercise a cardiac acceleration may be brought about m spite of a nse 
of aortic pressure, it seems possible that the apphcation of ilarey’s Law 
should be restricted to the operation of the depressor reflex by which 
there occurs a lessenmg of the depressor impulses normally passmg up 
from the aorta when there is a fall of artenal pressure, unless it be made 
also to relate to simultaneous changes m the venous pressure 

The significance of lagus escape The significance of the relation of 
the nse of venous pressure to vagus escape hes m the fact that it may 
be considered that such escape mdicates the physiological mechanism 
by which an mcreased heart rate may be brought about m spite of 
increased vagus tone or mcreased reflex stimulation by the depressor 
nerves That there must be some antagonism dunng the nse of aortic 

pressure m exercise between the depressor and accelerator mechanism 
IS evident 

The significance of lagus restraint From the above facts we are m 
a position to appreciate the significance of mcreased vagns restramt 
which we know is associated with habitual activity m man and m 
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animals It will be evident that this mcrease wiU prevent cardiac 
acceleration by a nse of venous pressure which would otherwise do so, 
but this restramt does not appear ever to have been associated with the 
fact that habitual activity also leads to greater efficiency on the part 
of the heart muscle The more efficient the cardiac muscle the better 
the heart can respond to increased fi llin g, and the more capable it is of 
mcreasmg its output m accordance with the law of the heart Were 
there, however, no mcreased vagus restramt, the heart could not tale 
full advantage of this increased efficiency smce exercise would bring 
about excessive acceleration with a shortened diastole and there would 
be less time for filling Vagus escape, then, by reducmg the amount of 
the acceleration for a given rise m venous pressure makes the heart 
more capable of mcreasmg its output with a minimum number of beats, 
presumably with a view to economising the energy of the animal as it 
IS obviously more economical to have a fewer number of efficient con 
tractions than a larger number of less efficient contractions, although 
both woidd have the same effect m increasing the cardiac output per 
minute It is also known that m repeated exercise there is brought 
about a considerable economy m muscular efl:ort possibly from better 
coordmation which must result in less COg bemg produced and a less 
raismg of venous pressure which would further supplement the econom} 
of the heart 

Summary 

Evidence is put forward that vagus escape is sufficiently accounted 
for by the rise of venous pressure which occurs durmg vagal stimulation 

There is found to be dimmution m vagus restramt and stimulation 
of the sympathetic and this may be spoken of as a local cardio-accelerator 
mechamsm The significance of vagus escape and vagus restramt is 
discussed on the basis of these results 

The expenses of this investigation were m part defrayed by a grant from the Govern 
ment Grants Committee of the Boyal Society 
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THE ACTION OF ADRENALIN AND ERGOTAMINE 
ON THE UTERUS OF THE RABBIT 
By J H GADDTJM 

(From the Wellcome Physiological Research Laboratories ) 

When a xabbit’s uterus is cut lu pieces aud tested Yuth, ergot alkaloids 
aud adienaliu, according to tke tecluuque introduced by Broom and 
Glark(i) as a test for ergot alkaloids, it gives reactions ■wbicb are 
notably consistent over long periods These reactions have been further 
considered in the hope of arriving at a more precise idea of their 
nature 

The action of varying concentrations of adrenalin The rabbits used 
iveighed from 1 8 to 3 kilos Some of them were pregnant, some were 
not The volume of the baths was about 20 c c each and they were 
contamed in a water bath similar to that used by Dale for assaying 
pitmtary extracts The oxygen was dehvered m small bubbles through 
a fine ]et The tension on the muscle was about 1 gram weight About 
1 mg of Sandoz ergotamme was weighed out each mornmg and dissolved 
m water to a strength of 1/oQOO by the addition of 2 drops of 3 p c 
acetic acid The adrenalm used was Burroughs, AVellcome aud Co ’s 
1/1000 solution The drugs were diluted with water and added to the 
bath m volumes which varied from 0 15 to 1 c c The Rmger solution 
used was NaCl 9 p c , KOI 042 p c , CaClj 024 p c , NaHCOg 05 p c , 
glucose 1 p c 

Accordmg to Clark a uterme horn should be cut mto pieces about 
1 cm long and each piece should be divided m the plane of the mesentery 
and secured m the apparatus by its anti-mesentenc border 

The value of this was confirmed At the attachment of the mesentery 
the uterus seems unable to relax When pieces of large uten were divided 
mto four quarters, the quarters free of mesentery worked well and the 
others did not The pieces of uterus kept well m an ice box on glass, 
but after they had been m the bath some time they began spontaneously 
to produce a senes of short-hved contractions retummg always to the 
same base hne This rhythm was particularly marked m the pregnant 
uteri The addition of adrenalin had the efiect of raising the base hne 
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and the height to which it was raised was thought to be the best indica 
tion of the size of the contraction 



Fig L See Text. Ordinates show double the actual shortening of the muscle. 

This gave fairly constant readings independently of the spontaneous 
rhythm In Fig 1 the height so measured is plotted agamst the loganthm 
of the concentration of adrenalin ShacJcell has obtained curves of 
similar form for the effect of adrenahn on arterial rings (2) and also by 
plottmg the percentage mortabty among a number of mdividuals agamst 
the dose of toxic substance (3) These results have been confirmed in 
experiments with a number of different drugs m this laboratory, and a 
paper on the subject by J W Trevan is m preparation The form of 
the curve is that which would be obtamed on the assumption that the 
drugs are actmg on a number of umts whose susceptibibty is distnbuted 
about a mean m accordance with a probabibty curve — it is the curve 
of the integral of the normal distribution 

It was thought that if the mechanism producmg changes m tone was 
qmte distinct from that producmg the rhythmic contractions, it might 
be possible to demonstrate a difference m the shape of the tracmgs or 
of the above curves when an isometric lever was used Tracmgs obtained 
with such a lever were directly compared with those obtamed with an 
isotomc lever They were very similar 

Adrenahn is very easily destroyed under these conditions, even m 
an empty bath, so that the contraction is mamtamed at its full height 
only for a few minutes If the Rmger solution be transferred to another 
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bath, with a fresh piece of uterus when the contraction of the first has 
decreased to half its maxunal value, the second piece of muscle only 
gives half a contraction, so that fatigue is not a very important factor 
m the faUmg ofE of the contraction If the concentration of adrenalin 
be mamtained by perfusing the bath wnth Rmger solution contaming 
adrenahn the height of the contraction is mamtamed 

Effect of some cations Magnesium chloride m a strength of 005 p c 
or less was found to have no appreciable effect on the adrenahn con- 
traction In a strength of 05 p c it slightly dimimshed the height of 
the contraction 

The effect on the adrenahn contraction of varymg the percentage 
of calcium in the Rmger solution was studied In the absence of calcium 
the spontaneous rhythm of the muscle was dirmnished In the presence 
of an excess { 05 p c of CaClj) the rhythm was mcreased and after a 
few adrenahn contractions the muscle went mto a state of tone which 
disappeared when the calcium was washed out agam 



Kg 2 The effect of the prepuce and absence of K and Ca m the hath. The salte n-ero 
added to NaCl 0 9 p c, in the following strengths CaCl. 024 p c , KCl 042 p c 

The absence of both calcium and potassium had httle or no effect 
on the adrenahn contraction — ^the same heights of contraction were 
obtamed for the same doses Ro reversal of the adrenahn contraction 
was obtamed even with small doses of adrenahn as might have been 
expected from the results of Burridge{4), WehlandfS) and others 
A drop of 10 N acetic acid added to the bath reduced the pH to about 5, 
and greatly diminished the adrenahn response 

The presence of a phosphate buffer (pH =7 4) had the effect of 
completely abohshmg the spontaneous rhythm without much affecting 
the adrenahn contraction Relaxation was delayed This may be the 
result of the precipitation of calcium 
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The action of ergotamine on the adrenalin contraction 
The test for ergot alkaloids is as follows 

The reaction of the muscle to adrenahn is tested and then ergotamine 
IS added to the hath, left for 5 mmutes and washed out After 
5 minutes m Emger solution the muscle is agam tested with adrenahn 
to see if it has been paralysed or not This duration of stay m Emger is 
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Fig 3 Two pieces of muscle ongmaUj giving contractions of similar height T e 

one has been paralysed with eigotamine (five parts per million) for ^ 

it now requires four tunes the concentration of adrenahn to p uce con 
the same size as the lower one Later the adrenahn was left in the bath 
pracbcaUy exhausted its effect on the upper traomg The Kinger solution 
Lnsferred to the other bath and produced a large contraction of the other muscl 

4 Curves obtamed from the tracing shown m Fig 3 (m the first maamal 

are reduced m the ratio 2 I 8 which was the ratm between the hmght of m^rnal 
contractions when neither piece was paralysed) The carves are drawn 
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essential The paralysis appeared to take 5 minutes or more to de- 
velop its full force It was irreversible m that it generally remamed 
constant for at least an hour During this hour, contractions were 
obtamed by givmg larger doses of adrenalm Contractions of any height 
up to the maximum could be produced by mcreasmg the dose of 
adrenalm m a defimte proportion — a proportion which was the same 
for the different sizes of contraction and was thus, m some sort a 
measure of the degree of paralysis produced These facts are shown m 
Figs 3 and 4 It will be seen that the proportion between the doses 
necessary to produce contractions of the same height, as represented 
by the distance between the curves (Fig 4), is roughly constant It is a 
little difficult to get two complete curves from the same portion of uterus, 
but a number of such curves have been obtamed both before and after 
the action of adrenahn, and they are all of the same general shape If 
the elements of muscle which are most susceptible to adrenahn were 
also most susceptible to ergotamme, it might be expected that the small 
responses to small concentrations of adrenahn would be more affected 
by ergotarmne than the larger ones, because the nerve endmgs concerned 
m small contractions would be more paralysed than those concerned in 
large ones Thus the slope of the curve would be mcreased. Similarly 
if there were any correlation between the distribution of susceptibihty 
to the two drugs it would be expected that the shape of the curve would 
be altered by ergotamme No such alteration was found On the other 
hand, it was noticed that when uten were kept overmght they were 
sometimes sensitive to smaller doses of adrenalm than before and these 
same uten were also more sensitive to ergotamme, m that the same 
concentration produced a higher degree of paralysis It is as if the route 
to then common site of action had become more permeable This vana- 
tion m the susceptibihty of the whole muscle is thus probably deter- 
mined by factors different from those which determme the variation 
among individual fibres, as the former case shows correlation between 
the susceptibihty to the two drugs, and the latter does not 

IVhen simdar pieces of the same uterus were tested with varying 
concentrations of ergotamme, it was found that over as wide a range 
03 was convenient the adrenahn proportion bore a hnear relation to 
the concentration of ergotamme 

Similar results were obtained by Langley(5) m his study of the 
effect of curari and mcotme on the tone of the rectus abdominis of a 
frog, and by Cu8hny(6) with pilocarpine and atropme Cushny pomts 
out that the results do not fit in with the conception of a simple chemical 
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Fig 6 Tittcmga showing the paralysis when eigotamine was left in the bath for different 
times In the upper tracmg the response to 60 parts per milhon of adrenalin is inter 
mediate between that to 3 7 and that to 7 5 Thus the adrenalin proportion hes 
between 60/3 7 and 60/7 6 or 13 2 and 0 C It is probably about 10 becanse the 
response to 7 6 is equal to that to 76 Similar reasoning apphes to the bottom tracing 
where the proportion lies between 2 and 4 and ls probably about 3 



Fig C Adrenalin proportion when different concentrations of crgotamine were left in the 
bath for 5 minutes The vertical Imes show the hmits between which one can be 
certain of the proportions (See discussion under Fig 6 ) 



adrenalin on uterus 14/ 

combmatioTi of tbe two drugs— leaving a certain amount over In con- 
firmation of tins It was not found possible to detect any action beti^en 
ergotamme and adrenalm in vitro A mixture of solutions of Iwo. 
mcubated overmgbt, produced an effect on tbe uterus mdistmgmsbable 
from that produced by tbe same solutions introduced mdependently mto 
tbe batb— an adrenabn contraction falbng rapidly after 3 or I minutes 
as tbe ergotannne came into action 



Fig 7 Adrenalin proportion -when five parts per million o{ ergotamme 
were left m the bath for difierent times 

Tbe same dose of ergotamme was left m tbe batb for varymg times 
and tbe adrenabn proportion detennmed In all cases it was found 
that tbe degree of paralysis increased witb tune The relation is shown 
in Fig 7 

In some experiments with smaller concentrations of ergotamme there 
were mdications that the paralysis reached a maximum value m from 
3 to 20 mmutes, but it was found impossible to get precise in- 
formation as to the shape of the curves lYhen the ergotamme was 
left in the bath for a long time, the muscle developed additional tone 
which obscured all further results It is possible by takmg any one 
lalue of the adrenabn proportion and reading off m Fig 8 the corre- 
siiondmg values of the concentration of ergotamme and the time it has 
had to act to get some idea of the relation between these two quantities 
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The senes of such curves obtained by taking different values of the 
adrenalin proportion are similar m general shape to those puhhshed by 
SoIlmau(7) 



Pig S Effect of vaiying Loth the concentration of ergotcnunc and the time 
it was left m the bath with different parts of the same uterng 


AVhile the present paper has been m preparation Braun (8) has pub 
hshed a study of the action of adrenahn and ergot alkaloids on rabbit’s 
uterus m which he makes the statement that the product of the concen 
tration of ergot necessary to produce a given effect and the time it is 
left in the bath is constant This would give a rectangular hyperbola 
as the curve connecting the two quantities It is qmte possible that 


Sollmann’s curves and mine are rectangular hyperboloe 

An attempt was made to demonstrate the disappearance of ergota 
mine from the bath by allowing it to act on one portion of muscle aud 
then transfernng the Ringer to another bath m which was a fresh bit 
of muscle The second piece was paralysed to the same extent as the 
first, no measurable quantity of ergotamine having disappeared 

Thus the amount of ergotarmne passmg mto the muscle is de 
pendent on (1) The concentration of ergotamine m the bath (2) The 


time the muscle is m the ergotamme Ergotamine appears to continue 
to pass m for over 20 minutes m some cases (3) The temperature Two 
correspondmg halves were tested with adrenahn and then placed m 
ergotamme for 5 mmntes — one at 37° and the other at 5°-2 The 
muscles were then replaced m their baths and re-tested The former 


was more paralysed than the latter 

It IS mdependent of (1) The bubbhng of oxygen Two corresponding 
halves were tested with adrenahn and then paralysed by being left in 
contact with ergotamme for 15 minutes In one the oxygen ms left 
bubbhng all the time and in the other it vas turned off after 2 minutes 
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Trken mmng was probably complete Tbe degree of paralysis produced 
m tbe two cases was identical and corresponded witb other values 
obtamed for tbe same uterus (2) Tbe presence of adienabn m tbe batb 
Ergotamme was not concentrated m tbe muscle sufficiently to produce 
a measurable alteration in tbe concentration of ergotamme in tbe batb 
After passmg m, tbe ergotamme reacts m some way witb tbe tissues 
Tbis reaction is not complete wben tbe muscle is removed from tbe 
ergotamme Its rate bas a positive temperature coefficient 

Two conesponding halves were paralvsed m the hath for 3 minntes and then imme 
diatelv placed in Ringer solution for 12 nunutes — one at 3i^ and the other at 2 Thev 
were then replaced in the hath in fresh Ringer solution and retested 4 minutes later 
The former gave a smaller contraction with adrenalin than the latter After 10 mmutes’ 
further rest, the second stage was complete m both and thev both gave the same result 

It was tbongbt possible that tbis reaction might consist m tbe ad- 
sorption of ergotamme on some structure m tbe muscle The evidence 
of tbe above experiment does not of course bear on this pomt, as ad- 
sorption, m common with most other processes, proceeds more qmckly 
at higher temperatures Tbe foUowmg experiment is more relevant 

In a piece of muscle m which both stages had been completed in the bath, an attempt 
was made to change the ec^uilibnam pomt by placing the muscle for 15 minutes m cold 
Ringer solution 2'’ and then replacmg and letestmg it The degree of paralvsis might have 
been expected to alter bv about 20 p c. under these conditions but no change could be 
detected. But of course it is verv hard to sav, what would or would not be the properties 
of such an adsorption and it is not po»able to lav great stress on the result of this expen 
ment 

A rough measure of the ergotamme content of a sample of ergot may 
be obtamed with only two pieces of uterus by measurmg the adrenabn 
proportions m the two cases Eo improvement on Broom and Clark s 
teebmq^ue for tbe final readings is suggested. Tbe tune must be accuratelv 
measured If times longer than five mmutes be used, tbe sensitivity of 
tbe test is mcreased but tbe percentage accuracy is unchanged 

TJieori/ of mode of action A theory, vrbicb cannot be fully discussed 
here, bas been formed on tbe following hues It is assumed that there 
IS an area m tbe muscle on which tbe adienabn must act and that a 
fraction of this area is blocked by ergotamme so that m any given case 
tbe concentration of adrenabn must be mcreased m a certain proportion 
to produce tbe same efiect If it be assumed as was found expenment- 
aUv, that this proportion bears a bneai relation to tbe concentration of 
ergotamme in tbe bath, tbe relation of this latter ranable to tbe de<Tree 
of action of tbe ergotamme raav be calculated The curve is of form 
similar to that found for tbe same relation m tbe case of adrenabn 
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Summary 

1 The effect of ergotanune and adrenalin on rabbit’s uterus sus 
jiended m a bath has been studied The relation of the concentrafaon 
of adrenabn to the height of contraction has been measured 

2 If ergotanune be added it may take more than 20 nunutes to 
develop its complete effect This appears to take place m two stages 
— the first is a simple diffusion mto the muscle The second stage is 
some further change withm the muscle 

3 Its effect is to increase in a certam proportion the concentration 
of adrenabn necessary to produce a contraction of given height 

4 Its degree in terms of this proportion bears a nearly linear rc 
lation to the concentration of ergotanune 

5 The effect of different temperatures on this paralysis has been 
studied Both stages proceed more qmckly at 37° than at 0° 

6 The simplest theory that can be suggested to account for these 
results entails a number of elements of varymg threshold to adrenabn 
and of varymg accessibility to ergotanune 

I wnsh to thank J W Trevan for his friendly criticism and advice 
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THE IMPULSES PRODUCED BY SENSORY NERVE- 
ENDINGS Part 2 The response of a Single End-Organ 
Bt E D ADEIAN AiO) YNGYE ZOTTEEMAKi 

{From the Physiological Laboratory, Cambridge ) 

Ik Part I of the present senes ai one of ns descnbed an instrument con- 
sisting of a capillary electrometer ■with a S-vaEe amplifier, capable of 
recording the action currents set up in sensory nerve fibres by appro- 
pna'te stimulation of then end-organs A preliminary analysis of the 
results 'was given, but it was pomted out that an essential step was 
miRgiTig All the records were made from nerve trunks containing many 
afierent fibres and it was impossible to teU. with certainty what was 
happening m each fibre, what was the frequency of the response, how it 
varied 'with the stimulus, etc The present paper remedies this defect, 
for it IS concerned with the impulses set up by a angle end-organ and 
travelling m a smgle a'fieient nerve fibre Only one 'type of end-organ 
has been mvestigated, but the results seem to be of such general apphca- 
tion that it -will be surpnsmg if other types are found to behave very 
differently 

Preparaiion employed The recordmg instrument has already been 
descnbed m detail and the only modification mtroduced has been the 
provision of a variable shunt to reduce the excursions of the electro- 
meter, should this be necessary The preparation employed was suggested 
to us by the papers of Keith Lucas on the all-or-none response of muscle 
fibre In these experiments Lucas used the m cutaneus dorsi of the 
frog He found that the nerve supplying this muscle had ten fibres only, 
of which one or two imght be sensory We have mvestigated this muscle, 
but so far we have been unable to detect any action currents m the nerve 
roots when the muscle is stretched, and we are mchned to thmk: that all 
the fibres are motor But m a footnote Lucas mentions another muscle 
—the stemo-cutaneus— m which there is no doubt of the existence of 
sensory end-organs The number of fibres m the nerve supplying the 
muscle vanes from 12 to 25 There is certainly one muscle-spmdle in 
the mmcle {it is figured m Cajal’s book. Textura dd Sislema Nervioso 
Madrid, 1899, p 404), and as our results show there are usually three or 
1 Fellow of the RockefeUcr Foimdahoa. 
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four end-organs which, are stunulated by tension in the muscle of a 
medium-sized frog (R (emporarta) We have used this muscle m all the 
experiments to be described The preparation is fairlj simple The slan 
on the chest of the frog is removed except for a small piece m which the 
cephahc end of the muscle is inserted This piece of skm serves as the 
pomt of attachment of the sdk thread by which the muscle is stretched 
The ongm of the muscle is not mterfered with but the fascial mvestments 
on either side are cut through The nerve is derived from a branch of the 
large brachial nerve, and m dissecting it the brachial nerve is out high 
up m the axillary space and agam just below the branch which supphes 
the stemo-cutaneus This is followed down from the brachial nerve, 
all side branches being cut, untd it becomes reduced to the extremely 
slender trunh which enters the muscle about half-way down its outer 
border The preparation is tested by stimulatmg the nerve with an 
mduotion shock. This should produce a contraction m the stemo 
outaneus and m no other muscle, and as a rule there is no difficulty in 
securing this condition The preparation is placed mside the metal box 
which acts as a shield from electromagnetic disturbances (see Part I), 
with the nerve slung by a thread from a small wooden peg at the side 
of the frog Non-polansable electrodes of the Ag, AgCI, Nad, gelatme 
type are connected to the nerve by short lengths of moist carpet thread 
embedded m the gelatme These allow some movement of the nerve to 
take place (and this is bound to happen when the muscle is extended) 
without producmg changes of potential m the electrometer For stimu 
latmg the end-organs m the muscle we have used weights of 1. 2, 3 
and 6 grm attached to the thread from the muscle and allowed to hang 
over a hght pulley The maximum tension developed by the stemo 
cutaneus of a medium-sized frog m an isometric contraction produced 
by tetamsmg the nerve was 2 grm so that the above range of tensions 
probably covers the values occurring naturally in the intact animal 
In some of the experiments we have used an elastic apparatus which 
perimts of gradual extension This will be described later The records 
of the action current were made with 3-vaIve amphfication (= 1350) 
on plates travelling at 1 metre per sec or less and on cmematograph 
film travelling 10-16 cm per sec Smce the nerve trunk (t e the nervus 
peotorahs propnus, Gaupp) to which the electrodes are apphed contains 
only 60 to 200 fibres, the responses are large and they are sometimes so 
large that their size must be reduced by shuntmg the electrometer or by 
brmgmg the leads very close together on the nerve, so that the two 
phases of the response mterfere The latter method is usually preferab e. 
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since a change in tte resistance of tte electrometer circuit alters tte 

constant used m tlie analysis of tlie records 

Results In our earliest experiments ive recorded tlie responses in 
the nerve with vanous weights which were hung on the muscle 10 seconds 
before the plate was exposed and remamed on it durmg the exposure 
The mterval of 10 seconds between the moment of apphcation of the 
weight and the mnln-ng of the record was chosen to allow the conditions 
to become steady before the record was made The records all showed a 
succession of action currents with the same form and time relations as 
those found m the frog’s sciatic (cf Part I), occurring m irregular 
succession at frequencies which were as high as 150 per second with a 
2 grm weight Most of the action currents conformed to a standard size, 
but some were larger, and on analysis many of these proved to be made 
up of two or more responses, separated by a very short time mterval 
The mterval between these responses was often as short as 1/1000 sec 
or less, and this mterval is shorter than the absolute refractory period 
of the frog’s sciatic (about 002 sec 15° C ) It was therefore obvious 
that the responses were not all produced by the same nerve fibre, and 
we attempted to dimmish the number of end-organs or nerve fibres ui 
action by cuttmg narrow parallel stnps away from the muscle on the 
mesial side As a rule the first section produced a considerable reduction 
m the frequency of the responses for a given stimulus and evidence of 
regular rhythms began to appear m the records As more and more of 
the muscle was cut away the existence of defimte rhythms became more 
and more obvious The change that occurs is best illustrated by the' 
records from our most successful experiment of this type, Exp 1 (Eig 1) 
This was made from a very large male frog and the muscle and its nerve 
were isolated from the body, the abdommal muscles from which the 
stemo-cutaneus takes its attachment bemg held m a clamp In A 
the muscle is mtact and the load is 2 gnn. In B the stimulus is the same 
but the first stnp of muscle has been removed and the responses are 
fewer and more regular In C a second cut has been made and the 
stimulus was reduced to 1 grm. to avoid damagmg the muscle An 
analysis of tbs record shows that the responses occur m four regular 
senes with periods of 035, 012, 045 and 046 sec After the next cut 
the responses become completely regular with a penod of 030 sec At 
tbs stage of the experiment about two-tbrds of the musele had been 
removed and the subsequent removal of another small stnp abohshed 
the responses completely, though what remamed of the muscle would 
still contract when the nerve was stimulated 
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Fig 1 Exp 1, 19° C Afferent responses from nerve M hen muscle 18 stretched by a weight 

applied 10 sec. before record is made Capillary oloctrometer with 3 valve amplifier, 
magnification 490 Time marker gives 01 sec Responses vary in size, as electrodes 
are adjusted between each record, 

A AIusclo intact 2 grm weight 
B First strip removed. 2 grm weight 

C Second strip removed. 1 grm weight. Impulses m four regular senes, 

D Third stnp removed. 1 gnn. weight. Sragle regular senes 
E Fourth stnp removed. 1 gnn weight. Slower plate. No impulses. 
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are clearly set up m sensory and not m motor fibres If traction on the 
muscle produced impulses m tbe motor nerve fibres, there is no reason 
why tbe removal of bttle more than two-thirds of the muscle should 
abohsh the responses, for the effects of stimulation showed that the motor 
nerve supply to the re main i n g muscle fibres was stall mtact When several 
end-organs are present, as m the mtact muscle, there is no mdication 
that they respond synchronously, for the impulses m A occur at irregular 
mtervals, and no reason why they should so respond to a stimulus which 
IS contmuous and not periodic Yet m D the responses occur so regularly 
that it IS qmte impossible that they should be produced by two or more 
end-organs actmg mdependently The conclusion must be that these 
responses are the product of a smgle end-organ The histological evidence 
IS certainly not opposed to this conclusion for the preparation used m D 
cannot have contamed more than ten mtact nerve fibres at an outside 
estimate, and of these the majority are clearly motor, as may be seen 
from stamed specimens 

With this preparation the rhjdhm of the responses remamed per 
fectly regular except with the weakest stimuliis (J grm weight) where 
the rhythm was occasionally broken In at least three other preparations 
made m the same way, we have obtamed records showing a smgle, 
regular rhythm with certam strengths of stimulus, but with stronger 
stimuh, or m other records with the same stimulus, either a few isolated 
extra responses have appeared or else the record is made up of two or 
more distmct senes of responses side by side Pig 2 gives examples of 
such records Double rhythms are shown very clearly m B, C, D and E, 
though m B and G there were one or two responses which do not fit mto 
the scheme These aberrant responses will be dealt with later For the 
present we may conclude that as more and more of the muscle is out 
away the frequency of the afferent responses produced by stretchmg is 
reduced, a stage is reached m which they can be analysed mto two or 
three regular senes and a final stage m which only one regular senes is 
left Each regular senes we take to be the product of a smgle end- 
organ 

Production of regular discharges In these expenments the stimulus, 
t e the change of conditions imposed on the muscle, is steady and has 
no penod of its own To make certam of this we have altered the length 
of the thread from the muscle to the weight and allowed it to run over 
a small cardboard bndge placed at various distances from the muscle 
These procedures would alter the penod of any possible vibrataons m the 
thread, but they have no effect on the rhythm of the response But it 
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13 not snipnsmg tliat an end-organ should produce a regular senes of 
discharges under a steady stimulation it would have been much more 
so had the discharge been irregular Indeed, the regular response of the 
end-organ can he very sunply explained vathout recourse to any other 
factors than the known properties of excitable tissues m general In 
a nerve or muscle fibre a momentary stunulus sets up an impulse which 
leaves the refractory state behmd it D uring the absolute refractory 
penod a second stimulus has no efiect, but as the refractory state passes 
away the excitabihty of the nerve returns gradually A second stimulus 
falling durmg this relative refractory penod will succeed m exciting if 
it IS strong enough, and as recovery progresses the strength of the stimu- 
lus may be reduced until it is finally no stronger than the threshold 
value for the restmg nerve The course of events is shown by the “re- 
covery curve” of which many examples have been previously published 
The curve m Fig S A is a typical example from a frog’s sciaiao at 15° C 



Inlcrval between StJtnub (ieC4.) 


Fig 3 A Recovery curve of frog s soiatio at 16° C 

B Responee of nerve fibre and of end organ to a constant stunulns 

Now if a constaut curreut is used instead of an induction shock, an 
impulse 18 set up when the current is turned on, but no further impulses 
are produced tdl it is broken again (unless the strength of the current 
IB very great) The impulse leaves the usual refractory state which is 
recovered from m the usual way, but the constant current does not re- 
everte, because the nerve has now become adapted to it and it is no longer 
an. effective stimulus Various hypotheses have been put forward by 
Nernst, Hill, Lapicqne, etc to account for this rapid adaptation, 
but these need not concern us for the moment The adaptation is also 
shown by usmg a current which increases gradually instead of suddenly 
Unless the rate of mcrease exceeds a certam “lumnal current gradient” 
(Lucas) no impulse is set up 

In most, if not all, sensory end-organs this process of adaptation, 
if It occurs at aU, is evidently a much slower affair A contmued stunulus 
such as a state of tension, a hght or a sound, produces a contmued 
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passage of sensory iraptilses to the central nervous system. The sensation 
dmnmshes after a tinie, hut it does so very slowly The difierence 
between the response of a nerve and an end-organ to a constant stunulus 
can therefore be represented diagrammatically as m Fig 3 JB Now if 
we assume that the end-organ reacts m exactly the same way as the nerve 
fibre, with this one exception of a much slower rate of adaptation, it is 
obvious that a steady stimulus will produce a regular discharge of im 
pulses Wien tie stimulus is first appied an impulse will be set up and 
the end-organ will become refractory It will recover and, as soon as its 
excitabihty had returned to the reqmsite value, another impulse will 
be set up If the stunulus has the strength a~i (Fig 3 A) the impulses 
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Fig iA, B and C Exp 1 Single end organ m notion. Rhythm \nth vnnous loade. 

A 1 gm , 10 seo Ereqnenoy 33 per Bea 

B i grm , 10 ECO Frequency 27 per see 

C grm , 10 eec Frequency 21 per sec Less regular 

D Eip 16 Cmomatograph film Gradual loadmg and progresaive metense m Irequency 
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^nU recui at a^,'a., 03 , 0 ^, etc If it is weaker, b^, tke unpiJses iv^ rec-ux 
TOth a dower penod 61 , bg, etc H it mcieases gradually lu strength, 
tke frequency of the impulses should increase too 

The end-organs of the stemo-cutaneus behave as ire should expect 
on this hypothesis Fig i A, B, C shows three sets of responses from 
Exp 1 with different weights apphed for 10 secs The weights were 
1 grm , I grm and { grm and the correspondmg periods are 030, 037 
and 046 sec The records were made at mtervals of 1-2 mins The 
responses m (1 grm ) are very large and they were reduced m the 
subsequent records by movmg the electrodes closer together IVith the 
^ grm weight there are signs of some irregnlanty m the rhythm, but the 
dominant rhythm is clearly present Fig 4 D shows the effect of a 
gradual mcrease m the stimulus In this experiment the weight was 
lowered very slowly on to the stnng from the muscle by the movement 
of a weighed lever controlled by an oil dashpot There is a gradual 
mcrease m frequency and later on a second rhythm begins to appear as 
the stimulus becomes adequate for a second end-organ. 

Recovery curve of end-organ By plottmg the mtervals between con- 
secutive responses agamst the strength of the stimulus we shall evidently 
obtam a “recovery curve” for the end-organ comparable to the recovery 
curve of a nerve fibre A curve constructed m this way for Exp 1 is 
given in Fig 6 A The threshold stimulus — the least tension which mil 
evoke any response — is unknown, so that the strengths of stimuh must 
be expressed m absolute values and not as multiples of the threshold 
strength Similar curves, or portions of curves, from some other expen- 
ments, are given m the figure In some of these the larger weights 
brought several nerve fibres mto action, so that there is some imcertamty 
m the upper parts of the curve The general form of the curve apart from 
its actual tune relations can be studied most easily by countmg the 
frequency of the responses from an mtact muscle with three or four end- 
organs, instead of waitmg for the lucky chance of a preparation with only 
one The average mterval between consecutive responses plotted against 
the strength of the stimulus will give a curve with time relations three 
or four times as rapid as those of the single organ The only objection 
to this method is that a strong stimulus may call mto play more end- 
organs than a weak, and consequently the mtervals with strong stimuh 
will be unduly shortened and the curve will nse more gradually than it 
would have done if the number of organs m action had been constant 
Fig 5 B shows the relation between frequency and weight m an experi- 
ment with the muscle mtact The figures opposite each pomt give the 
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order in wlucli the records were made Fig 6 0 is the recovery curve 
constructed from this and the dotted line is the hypothetical curve for 



Pig 6 A Belation between etimulus and penod of rhythmic responsea in different 
experiments 

B Exp 9 17° C Eelation between stimulns and frequency of response, musoie 
mtaot 

C Exp 9 17° C Relation between ntuauhiB and interval between responses for 
intact muscle Hypothetical curve for single end organ 

a smgle end-organ made on the assumption that three are always m 
action Although the curves for smgle end-organs have to be constructed 
from very meagre data their general features agree fairly well With a 
stimulus of 5 grm the penods are over 03 sec , and with one of 2 grin 
they he between 03 and 02 sec An mcrease to 3 grm and above reduces 
the penod shghtly, but the most rapid period winch has appeared is OlOsec 
The time relations of the recovery curve for the end-organ are 
therefore considerably longer than those for the nerve fibre In a mixed 
nerve trunk such as the frog’s sciatic, the absolute refractory penod, 
judged by the presence or absence of a second electnc response is rarely 
longer than 0026 sec at 16° C The return of eicitabihty has only been 
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mapped out for the motor fibres, but it is un l ik ely tbat it differs mucb 
from tbat of tbe sensory fibres from tbe muscle Erlauger and 
GasserP) have sbown tbat a mixed nerve trunk may contam fibres 
ubose refractory periods may vary from 00142 to 00446 sec but tbe 
pbremc nerve of tbe dog contains motor fibres and sensory fibres from 
mnsde receptors and they find tbat all these have tbe same refractory 
period Eor tbe motor fibres of tbe frog tbe excitabibty has returned to 
95 p c of its restmg value m less than 02 sec though tbe subsequent 
return to complete res ti ng excitabdity may be compbcated by tbe 
development of tbe super-normal phase Thus, if we may assume tbat 
sensory and motor fibres recover at mucb tbe same rate, it appears tbat 
tbe relative and absolute refractory periods last mucb longer m tbe end- 
organ than they do m tbe nerve fibre connected with it In fact, tbe 
periods m tbe end-organ and tbe nerve fibre seem to be so related tbat 
tbe impulses set up wiU always travel m nerve which has completely 
recovered from tbe passage of tbe previous impulse 

Effects of adaptation Before this conclusion can be accepted there is 
another factor which must be taken mto account It was pomted out 
m Part I tbat tbe frequency of tbe impulses m tbe sciatic when tbe 
gastrocnemius is stretched falls oft considerably as tbe penod of stimula- 
tion IS mcreased There is evidently some adaptation of tbe end-organ 
to tbe stimulus, as mdeed we should naturally expect Tins is true for 
tbe smgle end-organ as well as for tbe collection of end-organs in tbe 








Fip C Eip 1 Single end organ I>eciease ,n freqnencr of response 
as duration of Btunnlns IS increased. 1 gnn. iraight ^ 
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gastrocnemius Pig 6 gives the responses m Exp 1 produced by a 1 grm 
weight apphed for 6, 10, 40 and 90 seconds and the intervals between 
the responses range from 026 sec when the weight had been on for 
6 sec to 08 sec when it had been on 90 
Consequently the recovery curves given m Eig 5 are only true for 
an end-organ which has already been stimulated for 10 seconds, and they 
are only true for this period on the assumption that the rate of adapts 
tion IS the same for a strong stimulus as for a weak We have, therefore, 
studied the process of adaptation m greater detail with the aid of con 
tmuous records on long strips of cmematograph film In the earher 
expenments the weight was lowered by hand so that the tension was 
apphed suddenly A stnp of film was exposed before the loading and 
another beginning about 1 second afterwards and contmumg for 20 
seconds or more whilst the weight was m place At the actual moment 
of loading there was usually a large excursion due apparently to the 
movement of the nerve and the 
impulses were not recorded until 
this had subsided An experiment 
of this kmd is shown m Pig 7 The 
muscle w^ intact and the frequen- 
cies are reckoned by counting the 
total number of impulses m each 
second With a 3 grm weight the 
frequency at the end of 1 second is 
146 and at the end of 10 it is 104, 

1 e it has fallen to 72 p c of its 

former value With a weight of ' ,fl,r^ppUcaUon of load 

6 grm the frequencies are 68 and 

40, ^e & fall to 69 p c In another experiment the weight was lowered 
by the movement of an arm controlled by an od dashpot With this 
method the extension of the muscle occupied about 5 sec and was 
smooth enough to allow the record to be made durmg its progress Tlio 
data below give the maximal frequency just after loadmg and the fre 
quency 10 seconds later with different weights 
Exp 12 Temp 14“ C 

Imtial frequency Frequency after 
(maximal) 



Pig 7 


Second! after loadinj - 
Exp 11 Decline in frequency 


Weight 

grm 

6 

6 

6 

1 

2 


per see 
190 
160 
35 
00 
es 


10 BSO loading 
per see 
120 
104 
15 
37 6 
59 


Percentage of 
initial frequency 
03 
09 
43 
67 
00 
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la this espemnent some of the -waves -were moaophasic aad some 
diphasic These caa he distinguished when the frequency is not too high 
and the ra-be of adaptation can be checked by countmg the monophasic 
waves only This gives the follo-wing results 


Exp 12 ilonophasic waves only counted. 


"Weiglit 

Imtial frequency 
(maximal) 

Frequency after 
10 sec loading 

gnn. 

per sec. 

jier sec. 

2 

37 

17 

1 

26 

16 

5 

14 

8 


?eicentage oi 
initial frequency 
45 
Cl 5 
57 


Later experiments usmg an elastic extension apparatus instead of 
a weight gave results of the same order and the agreement between them 
is close enough to justify the conclusion that the frequeney after 10 
seconds of weighmg is from 40 to 70 p c of the mitial frequency and 
that the percentage faU is much the same whatever the value of the 
stimulus 

Thus the recovery curves m Fig 5 are approximately correct for an 
end-organ which has been m action for 10 seconds and we can obtam the 
curve for the fresh, unadapted state by hal-ving the tune mtervals for 
each pomt m the curve This has been done m Fig 8, taking the recovery 


1 1 1 r 
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IntCfTBl (»CC».) 

Hg 8 Recovery curve of frog’s sciatic at lo” C and corrected recoverv 
curves for end organ at moment of application of load. 


curve m Fig 6 4 and C as a basis, and m the same figure is drawn a 
typical recovery curv e of tbe motor fibres m tbe frog’s sciatic Evidentlv 
the rate of recovery of the end-organ is so much slower than that of the 
netr. tut the mpnieat eet „p by it trtl ataj, travel m a fibre which 
has rtseli alraost eomp^^etely reccerad Th., „ mteresto,; 

for « shows that, „a the aSereat side at least, the lefractorr pe^i 
the nerve Bbre B not one ol the faetors which dctcmnnes^le Ze or 
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frequency of tlie impulses wlucli reach, the central nervous system 
Owing to its very rapid recovery the nerve fibre is able to behave ahke 
to aU the impulses which reach it from the end-organ It should be able 
to conduct all at the same rate and with the same mtensity because the 
path can never become overcrowded by too frequent discharges Cooper 
and Adrian (2) have already brought forward some evidence to show 
that the frequency of impulses reaching the motor neurones is also 
lower than the maximum frequency to which the motor fibre and the 
muscle can respond, so that both on the motor and sensory side it 
seems that the nerve fibres are never pushed to the lirmt of their power 
of response 

All-or-nothing response of nerve fibre As far as the present expen 
ments are concerned there is an mteresting corollary to this conclusion 
If the afferent impulses are all travelhng m nerve fibre which has com 
pletely recovered, they should all be of the same size provided that the 
all-or-nothing prmciple does apply to the nerve fibre Smce the potential 
difference developed vanes with the degree of moisture on the nerve 
and the distance between the electrodes, the pomt must be tested by 
companng records m which both these factors are kept constant In the 
record shown m Fig 4 D the stimulus is mcreased gradually, the state 
of the nerve and electrodes rem ainin g unchanged It will be seen that 
the impulses mcrease m frequency but that the rate of rise of the mercury 
at each response shows no appreciable change Records of this kmd are 
unsmtable for analysis, smce they are taken on a slowly moving surface, 
and to test the pomt more ngorously we have taken a senes of responses 
with different weights on a plate travelhng at 1 metre per sec The 
weights were hung on for 10 seconds before the exposure was made and 
records were made as rapidly as possible so as to avoid changes due to 
the drymg of the nerve The muscle was a large one, contaimng probably 
five or more end'organs and half of it was cut away before the records 
were made In this state it contained at least two end-organs but the 
responses were far enough apart for analysis The data of this expen 
ment are shown below 


Exp 

A. 


10 Temp 14° C 

Muscle mtact JVcquenoy of impalseB ivith various loads determined at the moment 


of loadmg 


Weight ftequemey 

grm per see 

26 137, 175, 102 

6 200 

1 0 200 

2 0 400 
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Exp 10 Temperature 14° C (eontd ) 


B Muscle cut 
records 


Loading for 10 seconds Size of responses from analysis of electrometer 


Order of 
exposure 


Weight Jlaximum height of response 
grm. (arbitrary umts) 


1 

25 

33, 

40 


2 

20 

35, 

37 


3 

10 

at. 

37, 

34 

4 

25 

34 5, 

29, 

39 

5 

5 

37, 

35 


6 

20 

35, 

39, 

41 

7 

25 

34, 

38 


S 

10 

30 

35, 

35, 


Averages 25 35 0 

5 36 

10 33 7 

2 0 37 4 


It Will be seen that an eigbt-fold increase m tbe stimTilus gives no 
appreciable increase in tbe size of tbe response That tbe J grm stimnlns 
was not already maxunal is shown by tbe increase m frequency witb tbe 
larger weights Tbe experiment seems condnsive enough and a general 
survey of all our records has detected no sign of an increase m tbe size 
of each response when tbe stimulus is larger 

It IS conceivable that tbe electnc response may show no vanation 
although tbe change which evokes it— tbe propagated disturbance- 
does vary, but there is at any rate no doubt that there is an all-or-notbing 
relation between tbe stimulus appbed to tbe end-organ and tbe elec^ 
response m tbe afferent nerve fibre This result confirms tbe conclusions 
abeady put forward by Adrian and Forbes(4) and gives evidence of 
a new kmd m favour of tbe aU-or-notbing reaction of tbe nerve fibre 
Grading of effect on central nervous system To reconcile an aU-or 
nothing relation m tbe sensory nerve fibre with the obvious fact that our 
sensations are graded, it has often been pomted out that tbe effect 
on tbe central nervous system may be determined by two other factors 
apart from the size of ^cb impulse These factors are tbe number of 
fibres m action and tbe frequency of tbe responses m each fibre sTnc! 
our preparations contamed relatively few end-organs even with Tb! 
muscle mtact, it was nearly always possible to coimt the ^ 

of impulses per second with stimub of different strenrtbs 
Some curves relatmg the total freouencv +if ^ 
stimulus are given m Fig 9 In aU of these the wembt 

n!erZm\^our20^persectnr^^^ frequeuty 

but there is considerable .ana^tirtiir rr 
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probablj' due to differences in tie number of end-organs, for the muscles 
of large frogs usually gave tbe bigber frequencies The form of the curves 



I'lg 9 Eolation betiveen frequency and strength of stunnlns for vanons intact muscles. 

suggests that most of the end-organs are brought into play by a stimulus 
of 1 or 2 grm smee there is not much mcrease m frequency vath larger 
weights Evidently a much wider range of gradation would be possible 
m a muscle with many end-organs of varymg excitability, and the form 
of the curve would then depend more on the distribution of thresholds 
m the different end-organs than on the change of frequency m each fibre 
For this reason no general conclusion can be drawn as to the precise 
relation between the stimulus to a group of end-organs and the total 
frequency of impulses which will reach the central nervous system 
The smallest stimulus which we have been able to use was the weight 
of J grm Smaller weights were not great enough to produce any constant 
degree of extension owmg to the faction of the thread and the muscle 
on the moist surface of the chest But m the majonty of our expen- 
ments a slow discharge of impulses contmues (as long as some end-organs 
are present) even though the muscle is perfectly slack These impulses 
occur at frequencies rangmg from about 3 to 8 per second The interval 
between successive impulses often remains constant for half a second ot 
more, but it is hard to trace a defimte rhythm over longer periods An 
example of these responses is given m Fig 11 It is conceivable that 
they may be the basis of the shght tome contraction present m muscles 
whose central connections are mtact Their irregulanty, and the irregu 
lanties which sometimes appear m records from a single end-organ vith 
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a small stuntiltis (cl Eg 1) mav l^e accotmted for bv supposmg tiiat the 
stunalas is very near the threshold value The evotabditr of a nerve 
retnnis verv eraduallv when recovery is nearly complete and the mapping 
of this parr of the curve is often a matter of great difficultv owing to 
shght changes m the threshold. So with the end-organ a shght change m 
the efiective value of the stimulus wdl produce a considerable change m 
the rhvthm of the response the change m rhvthm mav itself disturb 
ihe threshold afresh and m this wav an irregular discharge wiQ be 
produced. In fact the end-organ mav have the same difficulty in givmg 
a constant response to a weak stimulus as the experimenter has m 
plotting the final stages of the recoverv curve of a nerve 

Xature of adaptation The gradual dechne m rhythm which occurs 
with a steadv stimulus has alreadv been described, but its cause has not 


been dealt with It might be due to a gradual decrease m the excita- 
bihtv of the end-organs or to a gradual mcrease m then refractorv period, 
or to both these causes If onlv the former were m action, the efiective 
value of the stimulus would decrease so that longer and longer mtervals 
would have to elapse after each impulse before the end-organ had reached 
the degree of excirabihty necessarv for the settmg up of a fresh impulse 
A slowing of the rate of recoverv would have the same effect, although 
the excitabihtv remamed unaltered. IVhen a graduallv mcreasms current 
IS apphed to a nerve fibre the adaptation which occurs is confined to the 
mechanism of excitation, for the stimulus mav fail to set up an impulse 
at all if it mcreases too slowlv Presumablv the faduie of a constant 


current to set up more t h an one impulse is due to the same cause, i e 
to the rapid declme m the stimulatuig value of the current The rate of 
recoverv mav be altered m the region which becomes adapted, and 
BruckeiS' has shown that the refractorv period of the nerve fibre or 


nerve ending becomes prolonged when a rapid succession of impulses 
are passing but this by itself would not account for the complete failure 
to set up a second impulse So if the declme m rhvthm from the end- 
organ IS due to a process of adaptation of the same kmd as that occumns 
m the nerve fibre we should expect to find evidence of a change m 
excitabihtv with or without a change m refractorv penod m addition. 

In order to studv the process more thoroughlv we have mcreased the 
tension on the mmcle at varvmg rates recording both the tension on 
the mu-ele at each moment and the frequency of the afferent impukes 

Tffie tension was apphed bv a short lever fixed m the centre of a tLted 
elastic band 1 simil^ 1^,, ,, 

.p..* .kropgh a lao,™ aajle aad .ts movemmt ^as 

PH LXL 


12 
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cated to a pointer moving across the slit of the film camera The lever 
m the middle of the band is fixed to the thread from the muscle and can 
only move through a very small arc, but when the end lever is rotated 
the tension on the thread is mcreased and its final value depends on the 
amount of movement of the end lever The tension developed for 
different movements of the end lever was deter min ed by hangmg weights 
on the centre lever and finding the amount of movement required to 
raise them Ihg 10 A shows the effects of varymg the rate at which the 
tension mcreases and the records of another experiment are shown m 




Seconds 


Fig 10 B 

Fig 10 A Exp 13 13 2“ a Frequency of responses with vanous rates of loading 

showing effects of adaptation, hfaximuin tension 1 3 gnn 
B Exp 12 14° C Frequency before, during and after loading Jlonop asio 

waves only 






iig 11 i B and C Esp 13 Tension of 1 3 gnn. applied rapidly m A and Bloirly m 
B and C B and C are portions of the same record with an interval of 75 sec 
onntted- 

D and E Eip 12. D immediately before loading impulses about 7 per sec. 
E imme diately after loading Pause without impulses The single excursion 
13 probably an artefact 


gradual loading the maximum frequency is much less and it is reached 
some time before the stimulus is at its full value These curves would be 
the natural result of any process of adaptation and they merely serve 
to emphasise the fact that the adaptation begins at the moment that 
the stimulus is apphed A more significant fact is shown m Fig 10 B, 
which records also the efiects of a rapid unloading after the tension had 
been at its full i alue for 17 seconds In all our experiments the result 
of this has been a complete cessation of all impulses for a period varying 
from 75 to 15 sec followed by a gradual return to the normal “resting” 

12—2 
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frequency of 3-8 per second In the present expemnent the record 
immediately before and immediately after the stimulus is shown m 
Fig 11 jD and E It is difficult to explam this pause m the discharges 
without supposmg that a true faU of excitabdity has occurred Durmg the 
period of stimulation the frequency has fallen to about half its initial 
value If this faU is due to an mcrease m the refractory period the latter 
must have risen to about double its imtial value, and we should expect to 
find a discharge at half the initial restmg frequency when the stunulus 
IS removed Actually the imtial frequency is 6 per second but there is a 
pause of 1 3 sec at the end of stimulation 

We conclude that the dechne m the frequency of response is due m 
part at least to a faU of excitabdity m the end-organs when the stimulus 
IS contmued and their adaptation is thus brought mto hue with the much 
more rapid process which occurs m the nerve fibre 

Remarks 

The behaviour of the end-organs which we have exarmned seems to 
be explamed very simply m terms of the general properties of excitable 
tissues, m particular by the phenomena of adaptation and of the re- 
fractory state It 18 probable, therefore, that other types of end-organ 
wdl be found to react m much the same way to the particular stunuh 
which caU them mto play This probabdity is strengthened by the close 
resemblance of the records of impulses m various types of sensory nerve 
dealt with m Part I, though an mvestigation of other smgle end-organs 
wdl be needed to estabhsh it A pomt of considerable mterest is that 
the frequency of the discharge from the end-organ is so much slower than 
the maximum frequency which the nerve fibre can tolerate If this is 
true of end-organs m general it means that the frequency of the impulses 
m the fibres of the auditory and of the optic nerves is lower than is often 
supposed This agam must wait for experimental confirmation Finally, 
it IS worth enquinng whether the synapses of the central nervous system 
may not sometimes react m the same way as the end-organ to the maM 
of impulses reachmg them The regular succession of impulses obtains 
by Brev6e and Dusser de Barenne(6) from the spinal cord treated with 
novocame is a remarkable instance of rhythmic discharge from motor 
neurones which may perhaps be brought mto hne with the phenomena 
dealt with m this paper 

SUIIMARY 

(1) The afferent impulses produced by the receptors in the steino 
cutaneous muscle of the frog have been recorded with a cap ary 
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electrometer and tliree-stage amplifier Tlie receptors were stimulated 
by stretcbing tbe muscle untb different iveigbts There are generally 
three or more end-organs m the muscle but they may be reduced to one 
or tvro by cutting successive strips from the muscle 

(2) The impulses set up by a single end-organ occur -with a regular 
rhythm at a frequency vhich mcreases mth the load on the muscle and 
decreases vnth the length of time for which the load has been apphed 
The frequency may vary from 5 to 100 a second, though the very low 
frequencies are usually irregular 

(3) The regular rhy thm can he explamed as the natural consequence 
of the refractory period and the subsequent return of escitabihty in the 
end-organ, the difference m the response of a nerve fibre and an end- 
organ to a constant stimulus depending on the much more rapid adapta- 
tion to the stimulus m the former 

(4) The “recovery curve” of the end-organ can be detenmned by 
comparing the frequencies with different stirouh It is found to have the 
same general form as that of other excitable tossues, but its time relations 
are about five times as long as those of the nerve The absolute refractory 
period IS probably about 01 sec 

(6) Owing to the more rapid recovery of the nerve fibre the impulses 
which enter it from the end-organ will always find it almost completely 
recovered from the effects of the previous impulse 

(6) There is an all-or-nothing relation between the size of the electnc 
response m the nerve fibre and the strength of the stimulus to the end- 
organ 

(7) The adaptation which occurs when the stimulation is contmued 
IS due m part at least to a fall of excitabihty and it is unlikely that there 
IS much change m the refractory period. 

(8) The response of the end-organs m muscle can therefore be brought 
into hue with that of excitable tissues m general. Ho new properties 
have to be mvoked to explam it, and it seems hkely that other types of 
receptor wdl be found to react m the same way 

The eipenses of this re^arch were defraved m part by a grant to one of ns from the 
Government Grants Committee of the Royal Society 
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the action of ions upon INTRA-AURICULAR 
CONDUCTION IN THE TORTOISE 
By ALBIN SELlSKAEi 

{From tile Dejpartment of Pharmacology, University College, London ) 

A LAKQE number of observations have been made regarding the influence 
of changes m the lomc content of Ringer’s fluid upon the conduction of the 
wave of excitation m the hearts of cold-blooded vertebrates Mines(i), 
Daly and Clark(2), Andrus and Carter(3), all agree that the a-v 
conduction is unpaired by mcrease or decrease of the potassium content, 
by decrease of the calcium content or by mcrease of the hydrogen ion 
concentration These workers also agree that the a -v conduction is 
shghtly improved by deerease m the hydrogen-ion concentration or hy 
mcrease of the calcium content 

Andrus and Car ter (3) studied also the action of lomc changes on 
the perfused turtle’s ventricle The rate of spread of excitation over the 
ventncle was estimated by measurmg the total length of the Q, F and 
S waves Intraventnoular conduction was impaired by decrease of 
or Ok; and by mcrease of Cca or Cg, it was unaffected by mcrease of Qk 
or decrease of C(^ and was unproved by decrease of decrease of 

Ogpion concentration 

The results as regards mtraventncular conduction are m some cases 
diffi cult to understand and it seems doubtful whether the duration of 
the QRS waves necessarily gives a measure of the rate of conduction 
m the ventncle when the electnc response is profoundly altered by 
changes m lomc concentration 

Method The writer has studied the influence of changes m concen- 
tration of the kations present m normal Emger’s fluid upon isolated stops 
of the tortoise’s auricle 

The experiments were conducted m the summer and early autumn 
and 25 large specimens of Testudo grceca were used 

Short stops (20 mm ) were taken from the nght auncle from the smus 
venosus to the auncular appendix Longer stops were obtamed by cuttmg 
a continuous rmg from both auncles, m this way lengths up to 65 mm 
were obtamed I was unable to observe any significant difference m the 

^ Fellow of the Bockefeller Foundation* 
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rate of conductaon m the steps cut m these difierent methods The steps 
•were pumed out on pieces of paraffined cork carried on glass rods, and 
were immersed m a bath containing Ringer through which air was 
bubbled Records were taken of the mechamcal and electrical responses 
The mechanical responses were measured by attachmg fine hairs at 
m'tervals along the steps 'bo hght straw levers suspended by threads in 
the manner described by Min es (i), the movements of which were recorded 
optically Records of the electrical venation were 'taken at two or three 
pomts sunultaneously, two string galvanometers were used, one of the 
Cambndge and the other of the Bdebnann pattern Electrodes of the 
D’Arsonval-Lapicque pattern were used They were made of silver ■wire 
provided -with pm-head endmgs and were freshly coated 'with silver 
chloride every day 

Some difficulty was expenenced m fixmg the electrodes to the auricle 
The best method was found to be to enclose the ■wire m a fine glass tube 
■with the pm-head projecting and to fix it agamst the auricular step by 
a fine spring pressmg on the opposite side of the auiicle The leads were 
connected ■to the tenmnals by spirals of fine silver •wire which permitted 
the electrodes to move with the auricle The pressure was firm enough 
to prevent the auncle from sbppmg from under the electrodes during 
contraction, but not to mjure the auncle At first the pair of electrodes 
were arranged transversely to the steps as sho-wn m Rg 1 a, but later 



r n. tot and second 

pair of electrodes, «tm stimulation electrodes d, distance between electrodes 
m, TTij, m,, Wj, pomts of attachment for recording mechamcal response 


they were arranged along the length of the step as shown m Fig 1 h 
In the latter case the distances between the electrodes were calcffiated 

In some cases the auncle was aUowed to contract at its natural 
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frequency, but in most cases artificial rhythm was produced by elecinwl 
stimulation, and the moment of stimulation also was recorded Un 
fortunately it was not found possible to keep the frequency constant 
durmg all experiments because a certam minimal rate of artificial strmu 
lus was essential m the normal auricle to prevent the occurrence of 
spontaneous contractions, and this frequency was often greater than the 
auricle could follow after poisonmg with lomc changes 

The distance between the electrodes could be measured with an error 
of ±6 pc, and the time between the electrical response could be 
measured with an error of ± 2 p c The measurements of conduction, 
therefore, have a possible error of ± 7 p c 

The normal Rmger used had the followmg percentage composition 
NaCl 0 66, KQ 0 016, CaCla anhyd 0 012, NaHCOg 0 06 Fresh glass 
distilled water was used The hydrogen-ion concentration was pH 8 0 
A stream of air was bubbled through the solution, and m order to prevent 
considerable changes m hydrogen-ion concentration, the flmd in the 
vessel was changed m short mtervals 

Durmg a senes of expenments the electrodes remamed m their 
position unchanged Before the electrodes were connected to the galvono 
meters, the vessel was emptied and both strip and electrodes dried quickly 
with filter paper The type of record is shown m Figs 6 and 7 

The normal rate of conduction and its variations 
H Fredericq(4) showed that the form of the auricular electrogram 
of the tortoise does not differ essentially from the ventricular electrical 
response Records taken at low speeds confirm his statement, the 
electrogram consists of a rapid diphasic imtial vanation, which is 
followed by a much slower final one 

To the amphtudes of the deflections and the duration of the electrical 
response under varied conditions no particular importance was attached, 
for the object of the expenments was to ascertam as accurately as 
possible the commencement of the electrical variation at each electrode 
Different ammals showed great differences m the rate of conduction 
in normal Rmger Such rates vaned from 30 to 290 mm per second, 
but fortunately most feU between the limits of 90 and 120 rum per 
second The reason for this vanation is not clear but the specimens 
with the highest conduction rates also showed the largest mechamcal 
responses, and therefore the rate of conduction is probably dependent 
on the condition of the tortoise 

Lewis(5) and Fredericq(7) both observed vanations from about 
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100 to 300 mm /sec m the conduction late of the tortoise’s ventricle, 
and after prolonged isolation considerable reductions m both the force 
of contraction and rate of conduction were observed, as is shown in 
Table I 

Table I Temperature IS" C JTo stimulation. 


Interval 

Time since betsreen Rate of Hei^t of 

excision of Distance of responses conduction contraction 

j 1 1 1. M aY # v rY ^ Cl r\ /f ^ * I " I - ■ — ■ ■ “ 


the heart 

Preqnencv 

electrodes 

at a and b r ^ 


A . 

/ 


h. ra. 

per nun 

mm. 

in secs nim./Bec 

po 

mnu 

pc 

0 20 

10 

23 

0 08 

288 

100 

47 

100 

28 10 

10 

19 

0144 

131 

46 

25 

53 


Table II shows that variations m the normal conduction of a smgle 
strip observed durmg a shorter mterval of time do not much exceed the 
hmits of experimental error 

Table IL Ventral strip of tlie auncle 11010181 Ringer Condnction from the right to the 
left auncle Ifo stimulation Height of mechanical contraction 40 mm Prequency 
20 per mmute 


Time smce 


excision of 


Distance of 

Interval between 

Rate of 

the heart 

Time of action 

electrodes a and b 

responses at 

eottdnchon 

h m. 

of the flmd 

m mm. 

a and b m secs. 

mm /sec 

2 7 

5 

25 

0 28 

89 

2 20 

5 

29 

0 326 

89 

2 3S 

6 

29 

0 36 

81 

6 11 

20 

29 

0 32 

S3 

B 30 

8 

29 

0 338 

86 


Freshly excised auricular stops at first conduct badly, but con- 
duction improves after the stop has been kept m aerated Emger for a 
tune rangmg from 30 mmutes to 2 hours The following example illus- 
trates this 


TibleUL Distance of electrodes 16 mm 

Time gmcB 
excision of the heart 
h m 
1 10 
2 42 
4 55 


Temperature 18° C Preqnencv 16 per mmute 


Rate of conduction 
inm./Eec. 

91 

105 

IIG 


Ivjlucnce of tem'peralure on rate of conduction 

For mxestigations on efiect of changes of temperature the vessel 
containing the preparation was put into a box, the walls of which were 
lined tnth cotton wool, a narrow slot on one side allowed access to the 
strip The temperature of the air mside of the box could he kept constant 
for some mmutes, whilst electrograms were taken, by a large water hath 
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surrounding tlie vessel and by a system of lead tubmg tlirough wliicli 
water of tbe required temperature passed The air bubbhng through the 
Rmger’s flmd was brought to the desired temperature 


Table IV Auncnlar stnp Normal Ringer Three pairs of recording electrodes, 
stunnlatiiig electrodes to 1 =7 mm , distance 1—2 = 16 mm , 2-3=23 nun. 


Time smce 

excision of Pre Time of Interval (sec ) Rate of conduction 


the heart 

Temp 

quency 

action 

, 

— » — 

, 

, 

— ^ 

1 

h. m 

° C 

per min 

mm. 

st.— 1 

1-2 

2-3 

st-1 

1-2 

2-3 

4 66 

17 7 

23 

30 

0 04 

0 14 

0 36 

178 

116 

106 

6 16 

10 

23 

7 

0 06 

0 21 

048 

117 

77 

86 

6 26 

27 

40 

10 

0 03 

0 13 

03 

224 

128 

130 


Height 
of me 
ohauical 
contrao 
tion(mm.) 
25 
23 
2o 


The succession of events m the stop is represented graphically in 
Fig 2 The dotted hnes show the transmission of the wave of mechanical 



contraction, which foUows the spread of electocal change on a nw y 
parallel course The distance of both hnes on any pomt of the ordmate 
gives the mechamcal latent period, which is about 0 6^ 3 secon 
value for the electocal latent penod, if there is any, falls m the hmi 

experimental error , ofimu- 

The value for Q/10 calculated from the mtervals between th 

lation electrode and the third pair of recordmg 

10° and 17 7°, 1 6, and between 17 7° and 27°, 1 2 Th^e figm 

with those found by other observers m the hearts o amp 
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reptales Clark(i) and Daly and Clarkp) measured tke p -R interval 
m frog’s keart, the value of tke temperature coefficient of conduction 
IS Q/10 = 16 ketvreeen 18° and 24° and 15° and 26° respectively 
Iskikamace) found for tke transmission of tke meckamcal contraction 
m tke frog’s keart kept at constant rate an average value Q/10 =18 over 
a range of temperature from 5° to 20°, tkis temperature coefficient, 
kovrever, is lover at kigker temperatures and can ke as lov as 1 
Spadolini(8) measured tke p -e mterval m tke kearts of Triton cnsta- 
tus and Emys at 2° and 30° C and his results skov a Q/10 of 1 45 and 1 25 
respectively In tkis case tke frequency of tke kearts vas aHoved to 
vary A.msler and Pick’s data{9) skov a far kigker Q/10 for tke a -v 
mterval (Q/10 26°-30° C = 4 8) These last figures depend, however, 
on meckamcal records vkick are less exact tkan electrical records 

Alterations in hydrogen-ion concentration 
Tke pH of Hmger’s fimd was altered by adding a small amount of 
1/M NaOH or 1/M HCl and then determmed colomnetncaUy Tke 
hmits of alkakmty and acidity tested were pH 11 and pH 4 6 Tke results 
are given m tke table below and m Fig 3, wkick shows that both acid 
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Table V Annoularstnp Distance of electrodes stimulation — 1 pair =10 mm., 
1-2 pair = 19 mm Prequency 21 per minute Temperature 18'’-20° C. 


Rate of 


Time smee 


Interval 

conduction 

Height of 


excision of 

Time of 

sec 

mm 

/sec 

mechanical 


the heart 

action 

^ — 

A , 

f 

■* , 

contrac 


h m 

Plmd 

min. 

st.-l 

1-2 

st-l 

1-2 

tion (mm ) rig o 

27 6 

Normal Rmger, pH = 8 

0 

— 

0 144 

— 

131 

25 

— 

27 46 

AlkalineRmger, pH = 11 

2 

Nd 

Nil 

Nil 

Nd 

— 



Normal Ringer 

13 

0 29 

0 08 

34 

28 

7 

(8) 

28 10 

Rmger, pH =76 

11 

0 13 

0 18 

79 

109 

10 

(1) 

29 19 

Rmger, pH =70 

33 

0 14 

0 19 

70 

100 

10 

(2) 

29 36 

Rmger, pH= 6 6 

10 

0 17 

0 43 

68 

44 

8 

f.4\ 

29 44 

Rmger, pH =46 0 

2 

0 30 

0 64 

33 

35 

4 

(4) 

30 20 

Bmger, 0 048 p o CaClj 

20 

0 33 

0 517 

30 

30 

6 

(0/ 


Alterations in calcium and potassium content 
Lack of calcium and excess of potassium decrease the height of 
contraction, but these lomc changes act on the conduction in a different 


Tune smee 
exposure of 
the heart 


Table VL Auneulor strip Distance of electrodes 12 mm No stimulation. 
Temperature 20° C 


Time of 
action 


h. m 

Fluid 

TUtP 

per muL 

seo. 

2 6 

Normal Rmger 

30 

16 

009 

2 66 

Excess KCl 
(0 00 pc Ka) 

7 

10 

0 23 

3 10 

Normm Rmger 

9 

16 

0 07 

3 44 

Excess KCl 

26 

10 

048 


(Normal Rmger) 

(28) 

— 

— 

4 61 

Rmger minus CaClj 

21 

10 

0 08 

6 43 

Excess CaCIt 
(0 048 pc CaCl,) 

30 

12 

0 056 

6 10 

Normal Rmger 

26 

13 

0 U56 

7 62 

Normal Rmger 

30 

14 

0 063 


Rate of 
condne 
tion 

inm,/8eo 

133 

62 

171 

25 

150 

220 

220 

190 


Height of 
contrac 
tion 
mm. 

76 

46 

70 

40 

21 

05 


70 



Kg 4 
( 1 ) 
( 2 ) 

( 3 ) 

W 

IV 

( 8 ) 


interval 1sec Z 3 ^ se 

Fig 4. The conduction of the Tvare of excitation and the height of p^ger 

with varymg concentrations of calcium and potassium 1 an , no 
2 and 47Zgcr containing excess KCl (0 08 p c.), actmg for ’ 
speotively 7, calcium free Bmger actmg for 21 mmntes. 8, Rmg 
of CaCl. (0 048 p 0 ) 
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manner Tlie rate of conduction is immediately decreased by mcrease 
of tbe KCl concentration and tbis effect increases progressively tbe 
longer tbe excess of K.C1 acts, vrkdst tbe conduction after removal of 
calcium IS not unpaired at all, even after prolonged action. These effects 
are sboivn in Table VI and Fig 4 above 

Fig 4, m vhicbtbis experiment is represented grapbicaliy, sbows that 
tbe value for tbe rate of conduction after removal of calcium falls 
betvreen those determmed for tbe normal conduction. It sboivs also tbe 
great discrepancy of tbe alteration of beigbt of mecbamcal response and 
electrical conduction after poisoning witb potassium and uasbing out 
of calcium respectively This relationship can be clearly seen m Fig 5, 



Fig o Tho effecU produced ou the rate of conduction and force of contraction by excess 
of potassium and lack of calcium. Continuous hues rate of conduction of wave of 
elcctncal variation m mm per sec (normal rate = 152 mm./sec ) Dotted lines height 
of mechamcal response ^ 

ivbere tbe rate of conduction and tbe beigbt of mecbamcal contraction 
(dotted bnes) are plotted against tbe time of action Fig 6 sbous tbe 
t}T)ical curves obtamed from tbe action of excess of potassium. 

Table VII shoivs tbe relative action of excess of potassium on rate 
of conduction and beigbt of mecbamcal contraction. Tbe average result 
of 0 06 p c KQ m mne experiments uas to reduce tbe rate of con- 
duction 69 p c and tbe beigbt of mecbamcal contraction 69 p c 




’180 


A 8ELI&KAR 


Table VIL 


Action of excess of potassium on conduction and contraotioiL 


No of 
preparation 
^m mal) 

XXI 

XX 

X 

XX 

xvn 

X 

XIX 

xvn 

vm 

xvn 


Concentration 

Time of 


Height of 

of KCl 

action 

Rate of 

mechamcal 

pc 

mm 

conduction 

contraotioa 

0 015 

— 

100 

100 

0 03 

2 

79 

61 

OOG 

06 

78 

60 

»> 

2 

60 

20 

ff 

7 

39 

60 

It 

2 

36 

20 

t> 

12 

21 

G1 

»> 

26 

19 

66 

It 

13 

19 

12 

0 00 

21 

14 

61 

20 

7 

33 

0 16 

2 

9 

11 


(The figures for rate of conduction and height of mechanical contraction arc eiprcsscd 
as percentages of the average figures observed m normal Rmger ) 



Fig 6 Action of excess of KCl on conduction and contraction A, normal, 5 , excess of KC3 
(0 03 p c ) for 2 mmutes C, excess of KCl (0 00 p o ) for 4 minutes The tracings read 
from left to nght and the curves from above downwards record (1) time, ^ second 
(2) and (4) electrical variation at electrodes 10 and 34 mm distance respectivclv fm® 
stimulating electrodes (3) stimulus (absent in A), (6) meohamcal response 


The difference between the effects of excess of KO and lack of CaCh 
IS clearly shown m Table Vin It will be seen that when a 50 p o 
reduction m the height of mechanical response is produced by excess of 
potassium "the rate of conduction is reduced to 14 p c of the ongma 
rate, whereas when 80 p c reduction in the height of mechamcal response 
18 produced by lack of calcium the rate of conduction is unaltered 
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Table Vili (0-6) Action of excm potassmm and lack of calcium 
on the rate of conduction. 


Interval 


Time amce 


Frequency 

Distance 

between 

Rate of 

Height 

exjiosure of 

Time of 

of con 

of elec 

response 
of a-b 

conduc 

of con 

the heart 

action 

traction 

trodes a-b 

tion 

traction 

h. m 

FImd 

mm. 

per min. 

mm 

sec 

mm /sec 

(mm ) 

Expt 

I 







6 26 

Normal Ringer 

18 

92 

23 

0 08 

288 

47 

6 64 

Excess KCl 
(0 06po) 
(Normal Rmger) 

21 

10 7 

If 

0 69 

30 

24 


(30) 

— 








7 43 

Excess KCl 
(0 16 p a) 
(Normal Ringer) 

2 

38 


0 86 

27 

6 

8 20 

(10) 

— 







Rmger mmua 

8 

115 

10 6 

0 067 

291 

20 


Caa, 





Expt 

ti 







24 20 

Excess GaCn, 

3 

18 

24 

39 

61 

67 


(0 048 p c ) 





24 33 

Ringer minus 

6 

17 


38 

63) 


28 00 
28 11 

Caa, 

Normal Ringer 
Rmger minns 
Caa, 

0 

6 

19 

19 

»» 

ft 

405 

34 

330 

30 

61 1 

70 

72 

00 

12 

13 5 

3 

3 






/?. calcium free Ringer for‘?rnut^^“t^^re^^ ^. normal Rmger, 
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Increase in concentration of calcium to 0 048 p c CaCIj or omission 
of CaCl 2 , caused no appreciable efiect on the rate of conduction in strips 
m good condition In strips, in wlncb the spread of the electrical vana 
tion had been impaired by excess of potassium, acid, alkah or alcohol, 
the conduction could be restored to a normal figure by an excess of 
calcium 

The relative efiects of lomc changes on the rate of conduction and 
on the height of contraction of the tortoise auncle can be summarised 
as follows 


Table IX. Effect of ionic changes on the auncle of the tortoise 
- = depression, 0=httlo effect 


Alteration m ionic 

jVIeohanjcal 

Conduction of 

concentration 

response 

clectnoal variation 

-Ca 

_ 

0 

-I-K 



-t-H+ 



-H+( + OH-) 

- 

« 


Discussion 

Numerous workers have concluded that lack of calcium has a special 
depressant effect on the mechamcal response of the heart and produces 
much less effect on the chemical and electneal changes Locke and 
Rosenheimpo) showed that a mammahan heart perfused with a fluid 
contauung no calcium contmued to consume sugar at almost the normal 
rate 

Locke concluded that “calcium is necessary for the conversion of 
the heart’s chemical energy mto the mechamcal energy of its beat 
Minesfl) showed that m the cold-blooded heart arrested by lack of 
calcium regular spontaneous eleotneal vanations of normal form and 
extent could bo observed Daly and Clark(2) stated that the con 
duction of the electrical venation m frog’s heart remamed unaSected 
by a reduction of the calcium content Daly and Clark pointed out 
that lack of calcium and excess of potassium produced almost identical 
effects upon the mechamcal response of the frog’s heart, but quite 
different effects on the transmission of the wave of excitation They 
found that excess of potassium depressed the conduction very powerfully, 
while removal of calcium had only a shght action in this respect 

The results obtained with direct measurements of the rate of con- 
duction m the auncle of the tortoise show that excess of potassium pro- 
duces a stronger depressant action on the rate of conduction than on the 
height of the mechamcal response, whereas lack of calcium can almost 
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completely abolisKthe mechamcal response mthout affecting the rate 
of conduction 

Mines(i) and Daly and Clarkp) thought that normal electrical 
responses were ohtamed from the heart when the mechamcal response 
had been abohshed completely by lack of calcium Einthoven and 
Hugenholtz(U) and Arbeiter(i2) showed that if a sufficiently dehcate 
method of recordmg mechamcal movements were employed, mechamcal 
movements could be demonstrated in hearts which had been perfused 
for 24 hours with calcium-free Ringer They also concluded that m every 
case the mechamcal and electncal responses varied m a strictly parallel 
manner 

l!ily results show that different lomc changes produce very different 
effects on the electncal and mechamcal response Excess of potassium, 
which acts chiefly on rate of conduction of the wave of excitation, affects 
the form of the electncal response profoundly, whereas lack of calcium 
which does not affect the rate of conduction produces httle effect on the 
form of the electncal response 

I did not measure the potential of the electncal changes which 
occurred m stnps after the vanous lomc changes, and therefore express 
no opmion as to whether the height of mechamcal response and the 
changes m electncal potential vary m a parallel manner 

My experiments show however that mechamcal contraction can be 
reduced to less than 10 p c of its ongmal amphtude without any change 
occurring m the rate of conduction of the wave of excitation, and this 
proves that these two factors can vary mdependently 

My experiments support the view that calcium and potassium are 
not true antagomsts, but act upon different functions of the heart 


SnSDIARl 


(1) The rate of conduction of the wave of excitation m the auricle 
of the tortoise, calculated from measurements with a direct method 
increases with mcrease of temperature The temperature coefficient 

Q/10 = 1 o between 10° and 17 7° C and QjlO = 1 2 between 17 7^ 
and 27° C 


(2) The conduction is decreased by both mcrease and decrease of the 
optimal hvdrogen-ion concentration pH = 7 0-8 0 

(3) Opposite changes in lomc concentration, decrease of calcium and 
increase of potassium content, nhich produce a similar effect upon the 
mechamcal response, do not act m the same sense upon the conduction 


ni I \i 


13 
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Increase in concentration of calcium to 0 048 p c CaClj or omission 
of CaCIj , cauBed no appreciable effect on tbe rate of conduction m strips 
in good condition In strips, m wbicb tbe spread of tbe electncal vana 
tion bad been unpaired by excess of potassium, acid, albab or alcohol, 
tbe conduction could be restored to a normal figure by an excess of 
calcium 

Tbe relative effects of lomc changes on tbe rate of conduction and 
on tbe beigbt of contraction of tbe tortoise auricle can be summarised 
as follows 


Table IX. Effect of loiuo changes on the auncio of the tortoise 
- =depres3ion, 0=littlo effoot 


Alteration in lonio 

flfeohamcal 

Conduction of 

concentration 

rcsponso 

oloctnoal variation 

-Ca 

_ 

0 

+ K 

_ 


+ H+ 



-H+( + OH-) 

Discussion 



Numerous workers have concluded that lack of calcium bas a special 
depressant effect on tbe mecbamcal response of tbe heart and produces 
much less effect on tbe chemical and electncal changes Locke and 
Rosenbeim(iO) showed that a mammaban heart perfused with a fluid 
containmg no calcium contmued to consume sugar at almost tbe normal 
rate 

Locke concluded that “calcium is necessary for tbe conversion of 
tbe heart’s chemical energy mto tbe mecbamcal energy of its beat 
Mines (1) showed that m tbe cold-blooded heart arrested by lack of 
calcium regular spontaneous electncal vanations of normal form and 
extent could be observed Daly and Clark(2) stated that tbe con 
duction of tbe electncal vanation in frog’s heart remamed unaffected 
by a reduction of the calcium content Daly and Clark pomted out 
that lack of calcium and excess of potassium produced almost identica 
effects upon tbe mecbamcal response of tbe frog’s heart, but qmto 
different effects on the transmission of tbe wave of excitation The} 
found that excess of potassium depressed tbe conduction very powcrfulIy> 
while removal of calcium bad only a slight action in this respect 

Tbe results obtamed with direct measurements of tbe rate of con 
duction m tbe auncle of tbe tortoise show that excess of potassium pro 
duces a stronger depressant action on tbe rate of conduction than on t c 
beigbt of tbe mecbamcal response, whereas lack of calcium can almos 
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completely abolisli, tbe mecbamcal lesponse vntliout afiectmg the rate 
of conduction. 

Jlinesd) and Daly and ClarkP) thought that normal electrical 
responses rvere obtained from the heart when the mechanical response 
had been abohshed completely by lack of calcium EinthoTen and 
Hugenholtzdi) and Arbeit er(i2) showed that it a sufficiently delicate 
method of recording mechamcal movements were employed, mechamcal 
movements could be demonstrated m hearts which had been perfused 
for 2-1 hours with calcium-free Thnger They also concluded that m every 
case the mechamcal and electrical responses varied m a stnctly parallel 
manner 

3Iy results show that difierent lomc changes produce very different 
eSects on the electncal and mechamcal response Excess of potassium, 
which acts chiefly on rate of conduction of the wave of excitation, affects 
the form of the electncal response profoundly, whereas lack of calcium 
which does not affect the rate of conduction produces httle effect on the 
form of the electncal response 

I did not measure the potential of the electncal changes which 
occurred m stnps after the vanous lomc changes, and therefore express 
no opmion as to whether the height of mechamcal response and the 
changes m electncal potential varv m a parallel manner 

3Iy experiments show however that mechamcal contracbon can be 
reduced to less than 10 p c of its ongmal amphtude without any change 
occurring m the rate of conducbon of the wave of excitabon, and this 
proves that these two factors can vary mdependently 

My experiments support the view that calcium and potassium are 
not true antagomsts but act upon different funcbons of the heart 

SUSDIAEV 

(1) The rate of conducbon of the wave of excitabon m the auncle 
of the tortoise, calculated from measurements with a direct method 
increases with increase of temperature The temperature coefficient 

<?/10 = 1 j between 10" and 17 7° C and Q/10 = 1 2 between 17 T"" 
and 27" C 

(2) The conducbon is decreased by both mcrease and decrease of the 
optimal hi drogen ion concentrabon pH = 7 O-S 0 

(3) Opposite changes m lomc concentrabon, decrease of calcium and 
increase of potassium content, which produce a similar effect upon the 
mechamcal response, do not act m the same sense upon the conducbon 
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The conductioii of electrical vanation is greatly impaired by aa excess 
of potassium and scarcely altered by lack of calcium 

(4) These results support the view, that calcium is mtimately con 
cemed with mechamcal response as opposed to conduction of the wave 
of excitation 

I should hke to take this opportumty of thankmg Prof A J Clark 
for grantmg me the facihties of the laboratory and his advice and help 
in the experiments 
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THE VASO-DILATOR ACTION OF HISTAMINE, 

AND ITS PHYSIOLOGICAL SIGNIFICANCE 
By J H. BTJBX aioj H H. DALE 

{National Institute for Medical Research, Hampstead, London ) 

The kistamme paradox, -vrlach. lias been tbe subject of mucb discussion, 
may be stated thus bnedy In tbe cat, -wbicb bas been tbe usual sub] ect 
for experiment on its action, bistamine regularly produces, under 
ausestbesia, a powerful depressor effect, baving aH tbe cbaractenstics 
of a general vaso-dilatation, in perfused organs from the same species 
bistamme bas been found habitually to produce, not vaso-dilatation, but 
vaso-constnction m its place Explanations of widely different binds 
have been offered for this paradox. Dale and Richards a) satisfied 
themselves that tbe effect seen in tbe ansestbetised cat was a true, 
penpberal vaso-dilatation, independent of tbe nervous system. They 
explamed tbe paradox by tbe madence of tbe effect on tbe capHlanes 
rather than tbe artenes, and showed that, under appropriate conditions 
(presence of blood corpuscles and adrenabne), tbe vaso-dilator effect 
could be demonstrated even on tbe artificially perfused organs of tbe 
cat Other observers have attempted to explam it by supposing that tbe 
depressor effect seen in mo was not due to vaso-dilatation. Thus 
Mautner and Pick( 2 ) attributed it to constriction of hepatic venules 
iIcDowall(3), while admitting capiUary dilatation as a factor m tbe 
effect, bas suggested that constriction of pulmonary artenoles is tbe 
earbest and pnncipal agent m tbe depressor action. Incbley(t) bas 
attributed the effect to constriction of tbe venules 

In tbe present paper we present tbe results of observations under- 
taken primarily to complete those of Dale and Richards It was im- 
portant to know whether tbe action of adrenabne, mentioned above, was 
a specific one, or whether other vaso-constnctor agents could replace it, 
m creatmg a condition favourable to tbe vaso-dilator effect of histamme 
in artificial perfusion Tbe observations have been extended to other 
species, and some further experiments have been made on tbe effects 
seen with natural circulation 


IS— 2 
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Paet I Effects obseeved with aktificiai peefusion 

Methods 

We constructed a perfusion scheme, having several pomts of supen 
onty to the somewhat makeshift apparatus which Dale and Bichards 
had at their disposal It consisted essentially of the following parts, tie 
arrangement of which can be seen from the diagram 

(1) The artenal reservoir, R, to which the blood was returned after 
oxygenation, and m which an oxygen pressure was mamtained, wkcl 
could be raised or lowered to any desired level by the adjustable mercniy 
trap, T 

(2) A glass spiral, S, leadmg from R through a vessel of water kept 
at from 41° to 45° C , and servmg to warm the blood on its way to the 
artenal cannula, AG 

(3) An electro-magnetic hammer, H, by which the thm-waUed rubber 
tube leadmg from S to AO was rhythmically compressed, H being actuated 
by a rotatory key, so that the pressure was rendered pulsatile, with a 
rhythm of about 100 per mmute 

(4) An outflow recorder of Condon’s type (5), OiZ, mto which the bloo 
from the vem cannula, VC, was led, and which discharged mto a large 
funnel, F, from which the blood passed to the oxygenatmg chamber, 

(6) The oxygenatmg chamber, OC, which m the form finally adopte , 
and used m all the later experiments, was built on the pnnciple of t at 
described by Hooker(6), and later used by Drinker(7) and others 
It consisted of a vertically placed glass cyhnder, about 46 cm long an 
8 cm wide This was narrowed at the lower end to a neck close y a 
rubber cork, through which passed the tubes for admitting 
and withdrawing the blood The wide upper orifice was close y 
vulcamte hd, L A short tube through this dehvered the venous bloc 
near to the centre of a horizontal vulcamte disc, D, kept rotating y 
small electnc motor The blood, bemg thrown centnfugally on 
inner surface of the glass cyhnder, flowed down this mat ) 

without frothmg, to collect m a pool at the lower end, from whic i w 
withdrawn by an adjustable pump, P, which lifted it again to 
oxygen tube opened well above the highest level reached by the coue g 
blood, and the gas passed freely up through the cyhnder, 
the openmgs m the hd The pump and valves were of glass A spira 
silver wire hghtly smeared with vasehne, attached to the opemn 
the tube which returned blood to R, prevented frottog 

It will be obvious that, with such a system, perfusion is ca 
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■with a head of pressure, rhythmically cut ofi by the hammer The records 
from the manometer, attached to the artenal cannula, show that the 
sustamed, but pulsatile pressure so produced is very similar to the 
natural artenal pressure It has, from our pomt of view, the advantage 
that it IS but shghtly altered by changes in the peripheral resistance, so 
that the efEects of these on the venous ontfloiv and the volume of the 
perfused organ are practically imcomphcated by secondary changes m 
the arterial pressure 

The blood used was that of the species, and usually that of the 
indi'vidual, from 'which the leg for perfusion was obtained Hirudin being 
no longer available, a few experiments were made m which coagulation 
was prevented by hepann or by noturudm (a humic acid preparation), 
on the supposition that defibnnation of the blood might mterfere with 
the demonstration of the effects we desired to study Expenence showed 
that this supposition was not justihed, and we subsequently adopted 
defibnnation as a rontme procedure Under ether antesthesia the animal 
was bled through a cannula m the abdominal aorta (cat or monkey) 
or carotid artery (dog) A fairly complete exsangmnation was secured 
by mjectmg Emger’s solution mto the jugular vem m the later stages, 
about 60 c c being so injected mto a large cat and 100 c c mto a dog 
The blood was defibrmated by stirrmg ■with feathers and filtered through 
cotton-wool About 150 c c of blood sufficed to fill the apparatus, and 
this quantity, shghtly diluted by the salme infusion, could easily be 
obtamed from a large oat When smaller ca'ts were used, two were killed 
to obtam blood for the perfusion of a limb from one 

When Rmger’s solution ■with gum was used it was prepared by a 
modification of the method recommended by Bayhss(8) A 20 pc 
solu'tion of gum arabio m water was made, and 'to this was added phos 
phone acid m the proportion of 0 0268 c c of Jlf/10 acid per c o The 
mixture was then brought to the alkabne side of the neutral pomt 
(pH = 7 4) by addition of normal sodium hydrate, and, after standing 
awhile to aggregate, was filtered To the clear filtrate was added 0 9 p c 
of Nad One part of this strong gum-sahne was diluted with two parts 
of ordmary Locke’s solution, so that the mixture contained the ions o 
Locke’s solution m approximately normal proportions, and, m addition, 
between 6 and 7 p c of ^um It was 'thoroughly saturated with oxygen 
before introduction mto the apparatus 

Canmilffi were tied mto the femoral artery and vem without un ue 
delay, but expenence showed that great hurry was not neede n 
external pudic and deep femoral vessels were tied off, and other branc es 
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to the thigh muscles m many instances, the ahdommal viscera were 
removed, and the body wall mass-hgatured with strong twme m three 
sections The body was then transected above the mass-hgatuxes and 
the spmal canal firmly plugged with plasticine As perfusion proceeded 
there was usually some loss of blood into the tissues above the area 
dehberately perfused, but this was minimised by the precautions men- 
tioned to close anastomotic paths The cannulEe being connected to the 
perfusion apparatus, the perfusion was started The plethysmograph 
•was then pushed on and filled, durmg observation of the venous outflow, 
care bemg taken that the cufi exercised no pressure sufficient to mterf ere 
with the freedom of circulation The plethysmograph used was a glass 
cyhnder with an mvagmated cufi of soft rubber, makmg water-tight 
contact with the vasehned leg It was filled with warm water, the 
temperature of which was mamtained by an adjacent carbon-filament 
lamp The plethysmograph, when adjusted, was clamped firmly to the 
table Air connection was made -with a small Brodie’s bellows 

Injections were made directly into the arterial cannula, the needle 
bemg pushed through the rubber tube leadmg to it Usually the drug 
was dissolved m Rmger’s solution, m such concentration that the doses 
used were contained in from 0 05 to 0 2 c c The 1 c c syrmge, con- 
tainmg this small volume, was allowed to fill with warmed blood under 
the pressure m the arterial cannula, and the mixture was then returned 
into the blood-stream In order to ensure that even this shght dilution 
did not produce fallacious small accelerations of venous outflow, oiving 
to reduced viscosity of the cuculatmg blood, the efiects were repeatedly 
controlled ■with solutions made up with a small volume of blood taken 
from the apparatus, instead of "with Rmger^s solu'tion. The efiects were 
not altered in any way by this procedure, nor did the similar mjection 
of correspondmg volumes of plam Rmger’s solution produce any per- 
ceptible efiect When perfusions were made with gum-Rmger solution, 
the drugs were dissolved for mjection m a sample of this solution 

The hues of record on the smoked paper showed m each case, (1) the 
leg-volume, (2) the perfusion pressure, (3) the rate of venous outflow, 
(4) the time m mtervals of 10 seconds 

Results 

(1) Peifusion of the cat’s leg 

(a) Perfusion with plain blood Dale and Richards had found that 
neither plam blood, nor gum-Locke solution containmg adrenalme 
^^oukl maintain a tone m the penpheral vessels which histamme would 
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relax Only when red corpuscles and adrenalme were present together 
m the perfusing fluid did they observe the vaso-dilator effect of hista 
mine Our ongmal object was to test the possibihty of replacing adrena 
hue m this combmation by other vaso-constnctor agents The 
investigation has been given a somewhat different form by the fact 
that, when blood was used, we obtamed evidence of a vaso-dilator effect 
of histamine, before any artificial addition of adrenahne or other vaso 
constrictor substance was made, m all but the first experiment of the 
present senes The results m this first expenment correspond with those 
of Dale and Richards, histarmne producmg apparently a sunple vaso 
constriction durmg perfusion with plam blood, and a simple vaso 
dilatation after adrenahne had been added and the perfusion pressure 
smtably raised In every other case the first small mjection of histamine 
(usually 0 005 mgm ), and m many cases several succeeding sunilar 
mjections, have produced a decided acceleration of the venous outflow, 
though blood unmodified, save by whipping or addmg heparm, was 
being used for the perfusion 

The plethysmographic changes accompanymg this acceleration have 
been less constant, especially m the earher experiments on the leg with 
skm mtact Out of the first 16 experiments of this kmd, m only five was 
the acceleration of outflow accompanied by a significant increase of the 
leg volume, while m some cases a shght dimin ution of volume was 
apparent An explanation of this discrepancy was suggested by the 
results of five other experiments, m which we perfused the leg from which 
the skm had been removed, the foot bemg amputated at the ankle 
jomt All severed vessels were carefully hgatured, and for these expen 
ments the plethysmograph was filled with warm Locke’s solution instead 
of water In this senes a first small dose of histamme produced in 
every case a defitmte mcrease of volume, accompanymg the acceleration 
of venous outflow and subsidmg as it disappeared Dale and Richards 
had shown that, m the mtact animal also, the dilator effect of histamme 
IS exhibited more regularly m the vessels of the muscle than in those o 
the skin In recordmg the volume of the perfused leg it is not practicable 
to molude m the plethysmograph the whole of the perfused portion, and, 
when the skm is left on, the part m the plethysmograph necessarily 
mcludes the foot, with much skm and httle muscle, while the part outsi e 
consists largely of thigh muscle Under such conditions, if we suppose 
that the vessels of the skm pass more readily than those of the muse es 
mto the condition m which histamme can no longer produce its vaso 
dilator action, but merely constricts the arteries, it is easy to un er 
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stand tlie pioductioii, on balance, of an accelerated venons outflow from 
tbe whole area perfused, with no expansion, or even a small shrinkage, 
of the part yielding the volume record 

Our more recent experience, however, has shown that even m the 
limb with skm mtact, perfused with plam blood, it is possible to demon- 
strate m practically every case the complete vaso-dilator phenomenon 
accelerated venons outflow and expansion of volume — response to 
a small mjection of histamme given at the nght period of the perfusion 
In our last five experiments, succeedu^ the senes of 16 above mentioned, 
we have observed it m every case Figs 1 A and 2 A show records 



Fig 1 Perfusion of cat’s leg with whipped blood. Effects of histamme, [A) durmg initial 
vascular tone, (B) later (C) agam later, after adding 1 m 5 milhons adrenahne. In 
this and other figures lie =acetvl.chohne H= histamine 

obtamed from a leg with the skin mtact, and from skmned leg muscles 
respectively The efiects appear to be those of perfectly normal vaso- 
dilatation, such as could be expected from the efiects of histamme seen 
in the hvmg animaL Fig 2 A shows, for companson, the efiect of a small 
dose of acetvl-cholme , the histamme efiect difiers from this m its time- 
relations, but IS comparable m all other obvious respects 

The possibihtv being thus demonstrated of observing the vaso- 
dilator action of histamme in an organ perfused with plam blood, it is 
natural to enquire as to the reason of our present success, and of the 
umform failure of earher workers, mcludmg one of us m association with 
others We are not confident of being able to give a complete answer 
Speed m completmg the preparation, and begmmng the artificial after 
cessation of the natural cumulation, is certainly not a factor Dale and 
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Ricliards found that transfer from one to the other without even 
momentary mtermption was not efEectave We have begun by ex 
sangumatmg the ammal, and have then made the necessary dissections 



Pig 2 PerfoBion of skinned leg with whipped blood. Effects of acetyl choline, and of 
histamine (A) early in the perfusion, {B} later, after a larger dose of histamine. 


and adjustments without hurry, though without undue delay The 
tissues have regularly been without circulation for some 15-20 mmutes 
In our later expenments we have been more careful to tie ofi sue 
branches m the thigh as could easily be reached, so as to make the part 
perfused correspond more nearly with that m the plethysmograph, an 
have probably been more successful m securmg a fit of the plethysmo 
graph without pressure These measures have probably played a par 
in produemg a closer correspondence between the recorded changes in 
volume and m outflow, but they do not explam the acceleration o 
outflow regularly observed m practacally all the expenments 

So far as we are able to judge, the chief factor m the success o on 
demonstration has been as follows Havmg a perfusion scheme we 
imder control, and workmg with a minimum of attention, we have een 
able to begm the record practically with the start of the perfiBion an 
to watch the progress of events At the outset the vessels of t e eg w 
fully relaxed, but when the perfusion has been m progress or a 
mmutes signs of a spontaneous recovery of tone appear The pe sio 





ACT102^^ OF HISTAMINE 19'> 

piessnie tas to be laised progressively, frequently to 150 mm. of mercury 
or more, as tbe resistance mcreases, in order to mamtam an effiaent 
circulation. A pletbysmograpb record covering tbis penod sbovrs that 
a rapid shrinkage of the organ accompanies the fall m venous outflorv 
Presently outflow and volume become practically constant, witbout 
further change of perfusion pressure and this condition may persist 
with bttle change for a varying period up to 20 mmutes Sooner or later, 
even if no mjection is made, this spontaneous tone begms to subade and 
the pressure has to be lowered agam to mamtam the petfuaon withm 
reasonable kmits of speed. Pig 3 illnstrates this phenomenon, as seen 



Rg. 3. Acqmsitioa and loss of spontaneous tone by vessels of a cat s legs dnrmz 
the first hour of a perfusion vnth plain, srhipped blood. 


m a perfusion of both hmd limbs of a cat, made for another purpose 
Comparison of the height of perfusion pressure with the rate of outflow 
at difierent periods will show the rapid onset and gradual subsidence of 
the vascular tone It is durmg this early penod of the perfusion, m 
trhich it seems reasonable to regard the tone of the perfused vessels as 
‘umflar to that which they exhibit m tbe body even after denervation, 
that the histamme dilatation can readily be demonstrated After it 
has passed, histamme will produce simple vaso-constnction Further, 
histamme itself m somewhat larger do^es, such as 0-02 mgm., accelerates 
the disappearance of the spontaneous tone If histamme, therefore, is 
given, m more than mmimal doses, either too early or too late m the 
l>erfusion, the development of this natural tone, and its relaxation bv 
histamme are easily missed altogether and we thmk it probable that 
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tlua drcumetaiice explains the eaiher failures to observe it Pigs 1 
and 2 B are taken from later stages of the same expenments as Pigs 1 
and 2 A After the effect shown in Pig 2 A a dose of 0 02 mgni ol 
histamine was given and produced a prolonged vaso-dilator efieot, the 
vascular tone never being regamed Further mjections of histamine 
produced simple vaso-constnction, as shown m Fig 2 B When once the 
tone which histamine relaxes has thus been lost, we have never ohservei 
its spontaneous return under further perfusion. Thereafter, other vaso 
dilators, such as acetyl-chohne, contmue to produce their normal effects, 
while histamme as regularly produces vaso-constnctaon as long as the 
preparation remains in condition to demonstrate vascular reactions 
Our problem, therefore, was to compare the effect of different vaso 
constrictor substances added to the perfusion flmd, not m producing 
imtaally a vascular tone which histamme would relax, smce this could occur 
spontaneously, but in restoring such tone when it had finally disappeared 
(6) Effects of added vaso-constndoT substances Adrenaline Our 
experience with this substance umformly confirmed that of Dale and 
Richards Adrenahne has never failed to reproduce such a condition 
in the vessels that histamme would again exhibit its vaso-dilator effect 
(Fig 1 C), even m larger doses, up to 0 1 mgm In several expenments 
adrenahne has succeeded after other vaso-constnetor substances had 
failed. The ooncentration necessaiy has varied with the condition of the 
preparation If this is good, as httie as 1 part m 20 nulhoiiB suffices On 
occasion a concentration such as 1 m 6 milhons has not been adequate, 
and it has been necessary to raise the strength to 1 m 2 millions, rtusmg 
the perfusion to 200 mm of mercury or more, m order to obtain an 
adequate perfusion rate against the high resistance thus produced 
Only under two conditions have we known adrenahne to fail, viz when 
sufficient ergotoxme had been given to paralyse its vaso constnetor 
effect, and when, as the result of long perf^on, the tissues had become 
so oedematous that, when vaso-constnction with adrenahne was pro 
duced, further perfusion became impossible 

Pituitary (fostenor lobe) extract It was important to examine the 
effect of pituitary extract, because it contains the only known potent 
vaso-constactor prmciple, other than adrenahne, occurrmg naturally 
m the body, and because Krogh and his co'Workers(O) bad shown that 
this principle had a tome action on the cutaneous capillanes of the frog 
W^c made five experiments m which the extract was added to the per 
fusmg blood m quantities correspondmg to one part of dry, acetone- 
extracted posterior lobe to 40,000 of blood In most cases an obvious 
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vaso-constncbon ^as produced, so that the pressure had to be raised 
to maintain a good rate of perfusion. In two cases a previous constrictor 
effect of histamine was converted mto the normal, dilator effect One of 
these 18 illustrated m lig 4 
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Fig 4. Restoration o£ dilator response to histamine by adding 
pituitary extract to perfusing blood. 


There can be no doubt, therefore, that the pitmtary pnnaple can 
restore the lost tone to those vessels on which histamine exercises its 
dilator action. Its effect m this direction cannot, however, be demon- 
strated with anythmg like the same ease and regularity as that of 
adrenahne In two of the three other experiments, m which pituitary- 
extract completely faded to effect this restoration, adrenaline was sub- 
sequently added, -with the usual success 


Banum chloride This vaso-constnctor substance was tried m one 
experiment only It was added to the perfusmg blood so as to produce 
a concentration of 1 part of BaCIg m 10,000 A great increase of peri- 
pheral resistance resulted, showmg that the banum was exercismg a 
potent vaso-constoctor action In spite of this the vaso-constnctor 
effect of histamme was unchanged The conclusion seemed to be justified 
that, under the conditions of artificial perfusion, the vascular tone pro- 
duced by banum did not mvolve the vessels which histamme ddates 

Ergotamine This alkaloid of ergot, shown by Dale and Spiro(iO) to 

be Identical m action with the earher studied ergotoxme, produces m 
the spmal nmmal a general, penpheral vaso-constnction of great m- 
tensity and persistence We observed no vaso-constnctor effect foUowmg 
Its mjechon into the artenal cannula leadmg blood to the perfused organ 
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ments The vaso-dilator efEect of histamine was m every case pronounced, 
and was shown both in the acceleration of the venous outflow and in the 
increase of volume recorded by the plethysmograph (Fig 7 B) In 



Fig 7 Dilator effects of acetyl choline and histamine on vessels of a dog’s leg perfused 
■mth blood. G shows improved effect of acetyl ohohue after histamiae. 


several ways this vaso-dilator action of histamme on the arti ci y 
perfused organ of the dog difEers from that seen under hke conditions 
the cat No special precautions and no choice of a favourable momM 
appear to be necessary for its observation It appears to be obtains 
at any tune, and exhibits no special evanescence Nevertheless, 
records of experiments m which acetyl-chohne and histanune are 
jected alternately are carefully studied, m the hght of what is 
the action of both on the cat’s vessels, they are found to 
suggesting that the two actions are not identical m lo a 
imtial mjection of 0 001 mgm of acetyl-chohne was found in seve 
cases to produce a surpnsmgly small and evanescent effect on ou 
and on volume (Fig 7 A) If this was followed by an , 

0 01 mgm of histanune, which from analogy with theu 
actions on the cat should be roughly eqmvalent, the effect was o 
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be mucb more intense and persistent If now, wb.en outflow and volume 
were once more steady, a second dose of 0 001 mgm of acetyl-cbolme 
was given, tbe result was conspicuously greater than that produced by 
tbe first (Eig 7 C) Tlie sequence suggested that the bistamme bad 
weakened a resistance penpberal to tbe pomt of action of acetyl-cbobne, 
enabling tbe latter now to produce its full efiect 

Tbougb sucb mdications suggested tbat bistamme dilated capillaries 
in tbe dog, as m tbe cat, tbe regularity witb wbicb its vaso-dilator effect 
could be demonstrated, even after prolonged perfusion and repeated 
dosage, suggested tbat tbe artenoles m tbe dog were also mvolved m tbe 
action This suggestion was directly confirmed by perfusion of a prepara 
tion made from tbe dog’s superior mesentenc artery witb its fine artenal 
branches Tbe conditions were similar to those employed for tbe corre- 
spondmg preparation made from tbe cat Two such experiments were 
made, and m each case m]ection of a small dose of bistamme caused 
a small, but definite acceleration of tbe outflow from tbe cut ends of tbe 
artenoles (Fig 6 B) It will be seen tbat, even m tbe absence of added 
adrenalme, tbe small artenes of tbe dog exhibit a tone which bistamme 
relaxes 

On tbe other band, stnps cut from larger arteries of tbe dog, sucb as 
tbe ibac or carotid artenes, and suspended m oxygenated Locke’s 
solutions, always responded to bistamme by contraction (Fig 8) 



Fig 8 Isolated stops of large artenes of dog Constaotor 
effects of histamine (1 in 200,000) 


The difference between tbe action of bistamme on tbe vessels of tbe 
dog and the cat would, therefore, seem to be of this kmd, tbat the change 
from constnctor to dilator action takes place at different levels m tbe 
\asculaT branching In tbe dog it occurs so earlv tbat artenes still 
macroscopicaUy recogmsable as sucb are abeady mvolved m tbe dilata- 
tiou, wbereos m tbe cat tbe change occurs at some more penpberal 


ru Lxi 
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(3) Perfusion of the monhey’s leg 

We have had the opportunity of carrying out artificial perfusions 
on the legs of only two monkeys, but the results enable us to state that 
the effects of histamme on the vessels 
of this species resemble those m the 
dog rather than those m the cat The 
perfusions were earned out with the 
plam whipped blood of the monkey 
from which the leg was obtamed, and 
histamme regularly produced a con- 
spicuous vaso-ddator effect (Fig 9), 
which showed no signs of disappearing 
or changmg to vaso-constnction with 
repeated mjections or contmued per- 
fusion The evidence strongly suggests 
that m the monkey, and therefore 
probably m man, the dilator efiect of 
histamine is not restneted to the capil- 
lanes, but extends to the artenoles, 
as m the dog 



Fig 9 EfEeots of histamine on 

of monkey’s leg perfused with blood. 


(4) Discussion 

The experiments above desenbed 
have shown that m species, other 

than the cat, which show a vaso- nla+iou 

dilator response to histamine under conditions of natural circ - 
this response can be demonstrated under artificial perfusion 
same ease and certamty as that of other vaso-dilator 
suggestion that the depressor effect of histamine was ° ^npcideut 
other types would presumably not have ansen, but for e 
that the cat, rather than the dog or the monkey, was ^ 

early experiments on the nature of its action Even m e 
vessels of the cat, under conditions as nearly normal as t 7 
made, our experiments show that the dilator r^ponse 
IS not really wantmg, though very easily lost When we 
cat also differs from the dog, m that the finwt natural 

constricted by histamme m the cat and dilated m t e g, 
to associate the two points of difference, and to supp se that^^^^ 
evanescence of the dilator effect m the cat is due 
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mainly on the capillary vessels This is substantially the conclusion 
reached by Dale and Richards, our evidence only differs from theirs 
in shomng that the dilator response of the cat’s capiUanes is not 
unobtainable, as they supposed, if the perfusion fluid does not contain 
both red corpuscles and added adrenaline, but only pecuharly short- 

livcd 

This conclusion raises the question as to the nature of the agent in 
the shed blood -which, for a time, restores a tone to those vessels in the 
perfused organ of a cat which histamme relaxes We have suggested 
that this tone is comparable to that which the vessels acquire m the body 
shortly after denervation It would be natural in the latter case to 
suggest that the vaso-constnctor hormones, adrenahne and the pitmtary 
pressor principle, arc the agents concerned If tliat suggestion is ac- 
cepted, it IS equally natural to suppose that traces of these hormones 
m the shed blood arc responsible for the temporary tone winch appears 
in the early stage of a perfusion Of the two, adrenahne appears, on the 
evidence before us, to be the one which is bkely to be the more important 
factor Krogh, indeed, has shown that the capillanas of certain tissues 
in the frog, though only of some, arc highly responsive to the tome action 
of the pitmtary principle, and several observers, among them Sacks (ii), 
have described a pccuhar sensitiveness of the skin capillanns in man to 
this hormone On the other hand, our experience with the perfused 
organ of the cat suggests that adrenahne has, m this species, a unique 
effectiveness m reviving the tone of the vessels dilating -with histamine, 
when once this has been lost Pitmtary extract null sometimes effect this 
revival, hut only m such degree as to suggest rather a potentiation of the 
effect of a remnant trace of adrenaline, than a direct and specific action 
of Its own The evanescence of the naturally acquired tone, and its 
regular and prompt return when adrenahne is added, accord best with 
tlic \ lew that this same, unstable substance is responsible throughout 
for its appearance 

There are, indeed, difficulties in the way of attnhuting to adrenahne 
this chief role in the maintenance of tone in the denervated vessels of 
the living animal, whether artenes or capillaries Cluef among these es 
the fact, already discussed by Dale and Richards, that adrenahne 
Itself, injected into the circulation in very small doses, produces a vaso- 
dilator reaction of such \essel8, -very similar to that produced by a 
minute dose of histamine The point can better be discussed later, in 
connection inth expenments on the whole ammal, which further 
illustrate the intimate nature of the antagonism between adrenahne 

14—2 
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and lustaitune in their vascular effects Here we may note, m passing, 
that we have found it impossible to demonstrate a vaso dilator effect of 
adrenaline on the perfused leg of the cat or dog, however high the initial 
tone of the vessels, however pronounced their vaso'ddatation m response 
to histaimne, and however small the dose of adrenahne injected The 
latter, if large enough to produce any perceptible effect, has always 
produced an uncomphcated vaso-constnction. Only when ergotonne 
(ergotanune) had been previously injected could we obtam a vaso-dilator 
effect of adrenaline on the perfused organ 

Another pomt calling for comment is the role of the red corpuscles 
m facditating the demonstration of the ddator effect of histamine on the 
perfused organ Hale and Richards had found that red corpuscles 
must be present and that adrenahne must be added While our expen 
ments do not stnctly confirm this conclusion, showing that either gum 
solution containing adrenahne or plam blood wdl often suffice, they do 
show that the presence of red corpuscles has an effect defimtely favour 
able to the vaso-dilator response to histamme When they are present, 
adrenahne can always restore it easily when it has disappeared, with gum 
solution and adrenahne the effect may be shown early in the perfusion, 
but, when once it has disappeared, further doses of adrenahne apparently 
cannot revive it Dale and Richards attnbuted the favouimg action 
of red corpuscles to more efficient oxygenation of the tossues, and this 
may, mdeed, be a factor m their influence It seems probable to us, 
however, that the explanation is rather to be sought m mechamca 
considerations, ansmg from the observations of Krogh, which have 
smce become available Krogh showed that m a large part of t e 
capillary vessels of the body, and particularly m those of the resting 
skeletal muscles, a condition of tone normally exists, such that t e 
lumma, even of the small proportion open at all, are so narrow that t e 
elastic red corpuscles must be deformed to pass through them 
such conditions, even though the total area of the open capillary pat 
may be large m relation to that of the artenes, it appears certam t a 
a material part of the penpheral resistance must be m the capiUanes, 
and that even a shght relaxation of these will produce large effects on 
the venous outflow and the volume of the organ Even a mo era e, 
normal capillary tone would apparently suffice to produce these p eno 
mena when corpuscles are present In their absence, on the other an ^ 
the total area of the capillaries may well be so great that no impo 
part of the peripheral resistance is produced m them, unless t eir 
IS abnormally high, bo that few are open at all 
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The fact that the small artenes are dilated by histamme m the dog, 
and pxobably m the monkey, makes it difficnlt to obtam evidence from 
perfusion experiments as to its action on the capiUanes m these species 
Evidence of other lands is not wanting, however D ale and LaidlawdS) 
found that histamme m larger doses produced a permanent, shock-hke 
collapse of the circulation, with ohgasima and nse of corpuscular content, 
m the dog as m the cat Such an eSect has not been demonstrated with 
any simple artenal dilator, and it is nnhkely to be produced by difierent 
mechanisms m the two species Mote direct evidence is afforded by the 
observ'ations of Abel and Gelling &3) and Geiling and Kolls(i4), who 
described the vivid general erythema produced m a white-skinned dog, 
when a small dose of histamme or the similarly acting albumose was given 
mtravenously, and observed and photographed with the microscope, m 
the latter case, the dilatation of capiilanes and venules causing it The 
observations of Sollmann and Pilcher(i6), and especially the more 
recent work of Lewis and Grant{i6), have shown that histamme directly 
dilates the skm capdiancs m man In the frog Killian(iT) has shown, 
by direct microscope observation and photography of the vessels of 
the tongue, that the ddator action of histamme extends to artenoles 
and capillaries In the fowl histamme has a depressor action, superficially 
qmte similar to that which it shows m other species, and this can safely 
be assumed to be vaso-dilator m type Among the vertebrates hitherto 
exammed, the rodents (rabbit and gumea-pig) appear to form a con- 
spicuous exception There is no clear evidence that histamme exerts a 
vaso-dilator action on any part of the vascular system m these A con- 
stnetor effect on systermc and pulmonary artenoles is easily detected, 
and the action on the pulmonary vessels may be so severe as to cause 
acute dilatation of the nght chambers of the heart — an effect seen also 
in the cat as a passing phase m the action of large doses But the vaso- 
dilator effect cannot be detected m the rodents, at any rate under 
conditions which are suited to its demonstration m other species 

So far as its effects on the artenal side of the circulation are con- 
cerned, the action of histamme may be pictured, m general terms, as 
consistmg of a constnetor effect on the more central part of the vascvilar 
tree (i e on the part nearer the heart), changmg to a dilator effect on 
more penpheral branches The differences noted between its action m 
different species may then be regarded as due to differences m the level 
at which this change occurs In the dog, and probably m the monkev 
It occurs before the smallest macroscopic artenes are reached m the 
cat It occurs more penpherallv, so that the dilator effect is mainly, if 
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not entirely, exercised on the capiUanes, m the rodents it is pushed so 
far to the penphery as to escape detection, and possibly does not exist 
at all 


Pabt II Effects observed with natural ciroulation 
We made a number of experiments on cats anaesthetised with ether, 
or decapitated under prehmmary anaesthesia, m order to examine the 
possibihty of restormg a fading vaso-ddator response to histamme, by 
mjecting mto the naturally circulatmg blood the vaso-constnctor sub 
stances which we had previously tested m this direction on the artificially 
perfused organ The mterpretation of the results proved to be so com 
phcated that we do not propose to discuss them at present The expen 
ments led us, however, to the study of certain effects produced by 
histamme aind by adrenahne, which seems to throw important hght 
on the physiological antagonism between then- respective types o 

3/G^lOS 1 

1 Secondary pressor effect of hutamine When the general artena 

pressure of a spmal preparation has fallen to a low level, through f g 
efficiency of the spmal vaso-motor centres, mjection of a small dose o 
histamme (such as 0 01 mgm ) still causes a defimte, though o 
relatively trivial, further fall of the arterial pressure This fall, howeve , 
IS frequently followed by a secondary rise of the pressure, wbch may e 
extensive, and is habitually more conspicuous than the prehmmary a 
Attention has been specially directed to this secondary pha^ o 
action of histamme, under condition of low artenal pressure, by ^ ’ 
Schlapp and Macdonaldus), who encountered it as a comphcataon 
deternumng the specific pressor action of certain pituitary extrac 
found that its relative prommence was exaggerated, if we restncte 
vascular capacity of the spmal preparation by removmg the stoma 
mtestme and excludmg the hver from circulation The phenomeno , 

It was habituaUy observed m such preparations, is illustrated m g 
10 A and ll A In considering the nature of this pressor ® ® ’ 
naturally had m mind the double action of histamme, as s ° ^ 

vessels of the perfused organ Histamme has been shown 
constnctor action on the small artenes of the cat, m ad tira 

penpheral dilator action Nothmgm our expenence with perl^eao g , 

however, corresponded to this sequence of a dilator foUowe ^ 
powerful, delayed constnctor action Inspection of t e ^ g 

Lr=ov», dom.g the produoteon of .och retorde, W 
features, which are not clearly visible m the tracmg on a slowly mow „ 
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surface The mitial fall of pressure -was accompanied by suck moderate 
acceleration of the heart-beat as normally accompames the depressor 
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Fig 10 Artenal pressure of spmal cat to show seccmdary pressor effect following 
injection of histamine, (,1) before, (B) after extirpating suprarenal glands 


action of n small dose of histamme, and this passed ofi as the pressure 
curve turned upwards agam Soon after the turn, however, a second, 
much more pronounced acceleration of the heart began abruptly, and 
contmued as the pressure rose rapidly to the secondary peak, subsiding 
durmg the return to the normal This suggested the sudden entry mto 
the circulation of an agent other than histamme Inspection of plethys- 
mograph records from a denervated hmb reinforced this suggestion 
Durmg the primary fall of pressure, following mjection of a small 
dose of histamme when the artenal pressure was low, the hmb might 
^how a small expansion or a small shrinkage of volume, concurrently 
ivith the secondarv pressor phase the hmb volume showed a secondary, 
much more pionoimced and rapid shrinkage 

The fact, clearly demonstrated by Kellaway and CowelldO), that 
a small intra\ enous in 3 ection of histamme is regularly followed by a bnef 
acceleration of secretion from the suprarenal glands, suggested that the 
'-ocondara pressor effect might be due to such a small gush of adrenahne 
and not a direct effect of the histamme itself The suggestion was 
supported bi the observation that, when successn e smaU miections of 
histamme were made mto the % ein of a spmal cat, at fairly short mtervals 
the secondan pressor effect became gradually smaUer, but recovered 
when the preparation was left for a longer time without mjection The 
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possibility was tested m two ways In several experunents, m whicli the 
pressor efiect was initially well marked (Fig 10 A), the suprarenal 
glands were extirpated, with the result that subsequent injections of 
histamme produced small depressor efiects, with practically no secondary 
pressor phase (Fig 10 B) In another case, m which the pressor effect 
was unusually pronounced (Fig 11 A), ergotamme was injected in 
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Fig 11 Similar to Fig 10 , ( 4 ) before, (5) after ergotamme. 


sufffcient dose to reverse the pressor action of adrenahne, an 
of which now caused a simple fall of artenal pressure Anot er 
histamine was then injected, and m place of the pressor phase ■ 

depressor action was produced, much more prolonged than that pnm 
caused by the histamme, and beginnmg just as the latter a pas 

maximum (Fig 11 JB) This secondary depressor action 
pamed by acceleration of the heart-beat, such as adrena nei e 

under the same conditions i 

This evidence seems to put it beyond doubt that the delay P 
action, which follows the mjection of histamme under ese c 
of low artenal pressure, is not a direct histamme e ec ^ ® ’ on-nratenal 
to the suddenly accelerated output of adrenahne om ® 
glands We beheve the effect to be a reaUy specific one 

been shown that the adrenahne content of the suprarena o j 

what mcreased by any influence which lowers the ^ 

pressure, other depressor agents do not cause An equi- 

i 18 represented by this pressor after-effect of histamme An eq 



ACTION' OF HISTAMlTsE 


207 


pressor dose of acetyl-cliolme for example, given imder identical con- 
ations produces nothing comparable to it 

2 The depressor effect of adrenaline The fact has long been knoivn 
that a very small dose of adrenaline, mjected mtravenonsly into an 
aniesthetised cat or dog vnth good vascular tone vill produce a pre- 
donunantlv depressor, vaso-dilator efiect the more famihar pressor 
efiect of adrenahne forming under such conditions, a trivial preliminary 
phase of the action. The nature of this efiect rras fully considered by 
Dale and Richards vho mentioned the earher hteratnre dealing mth 
it They vere unpr^sed by the similarity of this vaso-dilator action of 
adrenahne, in its distribution and m the conditions favouring its appear- 
ance to that of histamine and conduded that it was probably located 
on the same part of the peripheral vessels ? e on the capfUanes m the 
cat This condusion produced a difficnltv of conception which they were 
unable adequately to resolve They were led by other considerations to 
the view, which our own evidence supports, that adrenahne is probably 
the most important factor, m the absence of nervous controL m main- 
taimng m the cat the capil- 
lary tone which histamme 
inhibits The vaso-dilator 
action of adrenahne being 
similar to that of hista min e 
we are then faced with the 
necessity of supposing that 
a steadv content of adrena- 
Ime would mamtain a tone 
which a small sudden, extra 
in]ection of the same sub- 
stance would inhibit We 
tested this not verv easv 
supposition bv givmg a verv 
slow, steady mfusion of 
adrenalme mto the vem of 
a cat under conditions m 
which a small sudden m- 
jection produced the vaso- 
dilator depressor effect 
The result is shown m 
Fm 12 It was clear that 
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blood, IS able to produce a protracted, though huuted fall in the 
penpheral resistance The difficulty of attnbuting to adrenalme a 
steadily maintained tone, which a small, sudden dose 'will relax, 
appeared to be accentuated 

The evidence presented m the precedmg section shows that the efiect 
of histamme, mjected mto the circulation of the hvmg animal, is com 
phcated by a secondary action, not represented at all m its effects on the 
perfused organ, and due to the response of the suprarenal glands Nov 
the vaso-dilator effect of small doses of adrenalme, as seen m records of 
arterial pressure and denervated limb volume in the whole ammal, is 
also a second phase of its action, following with a relatively long latent 
period a small, primary pressor efiect, and it is sninilarly not repre- 
sented by any demonstrable action of adrenalme on the perfused organ. 
If it could be shown that it was due to the output, m response to the 
adrenabne injection, of a small quantity of a substance havmg an action 
like that of histamme, the difficulties encountered m mterpreting ih 
meanmg would disappear The identity of the species showing vaso 
dilator effects with histamme and with adrenalme, the correspondence 
of the conditions mtensifying these two effects, and the failure ^ 
duce the vaso-dilator action of adrenahne on an isolated organ, wo a 


be adequately explamed , 

If such an output of a histamme-hke prmciple was concerned m t 
effect, there was no reason to expect that it would issue froin a 
glandular organ, as adrenaline does On the contrary, ovi ence 
accumulated during recent years, m specially convmcmg form m 
work of Lewis and Grant(i6), in favour of the view that such a p 
ciple IS constantly bemg formed m all the tissues, its production 
accelerated by shght mjury of any kmd, and that it plays an ^“P® 

part m regnlatmg the capillary circulation If its production, m r p 

to injection of adrenahne, had this general dietnhution, t ere w 
be no obvious method of obtaining evidence of it It occurre 
however, that there is one organ, the lungs, through w c a e 
given by the ordmary method of mtravenous mjeotion, as 
before it reaches the systemic circulation In the lungs, mor - 
adrenahne in these mmute doses has never been shown to have a y 
constnctor action If any part of the depressor, vaso- a ^ 
the penpheral, systeroic vessels should be due to a ® 
substance shed mto the blood from the lungs, m response to the p 
of the adrenahne through their vessels, we shoul e^ec 
depressor effect would be larger, and that its latent penod wouW 
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sl\oit«i, -wlieii tlie adienaline is injected mto a vein, than -n-lien it is 
injected in eqnal dose, dnectly into the artenal stream. We have made 
the experiment six tunes, on cats under ether, andtheresult has umformly 
confirmed this expectation 

Artenal pressure rras m all cases recorded from a carotid artery 
For the artenal mj actions rre chose the left suhdaxian artery, smce its 
separate ongm, beyond that of the mnommate ensured that aninjection 
made through its central stump mto the aorta rrould aU be earned 
caudally m the blood of the descending aorta It was necessary only to 
tie ofi the branches ansmg from it between the cannula and its aortic 
ongm, to prevent any part of the mjection becoming side-trached and 
failing to enter the aortic stream We found it not dif&cult to tie ofE the 
thyroid axis, vertebral and mtemal mammary artenes by dissection 
behmd the pleura A buU-dog clamp was then apphed and a cannula 
tied centrally mto the subclavian artery beyond it A similar cannula 
was tied into the external or the mtemal jugular vem, just above its 
entrance mto the supenor vena cava The cannuUe were filled with 
adrenahne solution of 1 m 100,000, and a small synnge containing the 
requisite small dose of the same solution was attached to one or the other 
The clamp on artery or vem was then opened and the syrmge rapidly 
emptied mto the vessel In one experiment we recorded also the volume 
of a hmd leg, denervated a week previously by aseptic section of the 
sciatic and anterior crural nerves 

The results were m all cases the same A small dose (0 002-0 004 
mgm ) of adrenahne, mjected mto the vem, piodnced a small, sharp rise 
of artenal pressure, apparently due to acceleratiou of the heart, which 
was immediately succeeded by the characteristic depressor action The 
same dose, mjected mto the aorta, usually caused a shghter vaso- 
constnetor nse of artenal pressure, which was sometimes so small as to 
he barely perceptible, but when visible was much more persistent than 
that caused by the mtravenous mjeebon When this nse had subsided, 
there followed a depressor efiect conspicuously smaller than that forming 
the mam phase of the eSect followmg mtravenous mjection, and some- 
times so small as to be hardly detectable A charactenstic sequence of 
‘'Uch effects is shown m Fig 13 A, B and C 

Se\eral possible explanations of tbis contrast bad to be considered 
1\ e had to make sure, in the first place, that our artenal mjections really 
delivered the full dose mto the mam artenal stream This was controlled 
b\ injecting small doses of histamine through the same artenal and 
^ enous cannulat The depressor efieets of these were mdistmguishable 
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(Figs 13 and 14 D and E), except by tbeir latent penods, as presently 
to be mentioned Tben it nugbt be suggested that the venous in]ection 
alone gave the adrenahne early access to the coronary vessels, as shown 
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Fig 13 Depressor effects of small doses of adrenaline m cat under ether, given 
rntravenonsly (A and 0) and intrs arterially (B) D and E show similar 
injections of histamine for comparison. 



Fig 14 Similar to Fig 13, with plcthysmograph record of volume of dcncrvnted 
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by tbe accelerator efiect on tbe beart, and tbat dilatation of the coronary 
vessels might cause the fall of carotid pressure, or, agam, that the small 
dose of adienahne, in passmg through the lungs, produced sufficient 
additional resistance m their vessels to reduce the mfloiv, and therefore 
the output, on the left side of the heart Both these explanations on 
other grounds not very probable, appear to be completely excluded by 
the fact that the falls of artenal pressure are accompamed by corre- 
sponding dilatations of the denervatedleg, as shoimmFig HA, B andO, 
from which it can be seen that the volume-record displays an entirely 
similar contrast between the effects of artenal and venous mjections of 
the same small dose of adrenahne 

The depressor effect foUowmg the artenal injection is not only 
smaller, the latent penod of its onset is conspicuously longer It is not 
easy to get exact measurements of the latent penod of a depressor 
immediately foUowmg a pressor effect, owing to the difficulty of sepa- 
rating subsidence of the former from onset of the latter , but the difference 
is so conspicuous that great accuracy is not needed In one case, m 
which measurements were made from a record on a rapidly trave lling 
surface, the estimate for the latent penod with venous mjection was 
9 seconds, with artenal injection 13 seconds, difference 4 seconds On 
the volume record the small, prehmmary pressor phase has usually uo 
perceptible effect, and the heginumg of the expansion can be detected 
with reasonable precision One of us, making the injection, signalled to 
an assistant with a stop-watch as the piston was pressed home The 
other, watching the volume record, signalled the onset of the dilatation 
The foUowmg were the tunes recorded m seconds by this method 


Do»e of 

1 enons 

Artenal 


adrenaline 

injection 

injection 

Difierence 

0-001 mgm 

7 

1-1 

7 

0-002 mgm. 


12 

5 

115 

17 5 

6 


10 

16 

6 


Average 6 seconds 

The differences are, in each case, between the latencies of consecutive 
injections It wiU be seen that the latent periods with the smaller dose 
are uniformly longer than with the larger, but that the average differ- 
ences between the artenal and venous delays are the same The method 
ol measurement, though crude, was sufficiently accurate, and the 
difference obseived was widely outside its possible error 

We may safelv conclude therefore, that the latent penod of the 
depressor effect folloumg artenal mjection is longer by some 4-6 seconds 
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than that of the effect following the ordinary intravenous injection Wien 
histamine, on the contrary, was mjected by the same methods, we found, 
m confirmation of earher observations (cf Dale and Eichards) that the 
depressor effect, and the mcrease of limb volume, began a second or tiro 
earher with arterial than with venous mjection, as would be expected 
of an effect due to direct, peripheral vaso-dilator action The conclusion 
seems to be mevitable that the vaso-dilator effect produced by an 
injection of adxenahne is not due to an action of this type, but is second 
ary to the hberation, m response to the adrenahne mjected, of a vaso 
dilator substance We shoidd expect an effect of this secondary kind 
to have a relatively long latency m any case On the supposition that 
the place of ongm of the dilator substance is m the lungs, we should 
expect that a large part of an artenaUy mjected dose of adrenahne would 
disappear before reaching them, and that the tune taken to travel 
round the major circulation would mvolve an additional latency of 
some 4-6 seconds The results observed confirm all these expectations 
3 Discussion The results of these experiments strengthen the 
suggestion, which has frequently been made, that there is a special 
physiological antagonism between adrenahne, on the one hand, and a 
capdlary-dilator prmciple, on the other hand, which closely resemb k 
histamme in its action Dale and Richards pomted out that t e 
hberation of such a prmciple, as the result of metabohc activity , wo 
provide a perfect fine adjustment of the capillary circulation to t c 
needs of the tissues, and suggested that an important function ^ ® 
normal output of adrenahne, from the suprarenal glands, might e so 
to balance and antagonise this dilator action as to mamtam or 
a normal capillary tone This conception seems to be supported y 
evidence that each of these substances, mjected m small dose, causes 
an accelerated output of its antagonist Under appropriate conditions, 
a mmute dose of histamme produces an effect m which the 
adrenahne is more promment than that of the histamme itse > ^ 
a small dose of adrenahne, mjected under the alternative con o , 
produces an effect which is mauJy of the histamme type, and , 

due to the output of a histamme-hke prmciple It is bar y 
that this natural output of each antagomst, m response to t e su 
appearance m circulation of an excess of the other, occurs o y 
the conditions favourmg its detection It is, of course, o 
low vascular tone wiU accentuate the secondary (adrenahne) e ec 
histamme m comparison with its direct depressor action, w e 
vascular tone wdl sunilarly accentuate the secondary (histamme) e 
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folIo-wing tte injection of adrenaline, in relation to, and at the expense 
of, its direct laso-constnctor action. We suppose hoivever that under 
conditions rendering these secondarv effects less obnous the effect of 
a dose of either of these substances is really modified and rendered more 
evanescent hv a compensatory output of its antagomst The direct effect 
of either substance on the artenal pressure, even under conditions not 
specially favounng the effect of its antagomst, can, indeed, be observed, 
m many cases to be folloved bv a suing of the pressure in the opposite 
direction, before equihbnum at the ongmal level is re established That 
such a compensation is normally m action is further strongly suggested 
by the observation, alreadv mentioned of the greatlr accentuated effect 
of a small dose of histamme when the adrenah or onlv their medullari 
portions, have been extirpated. 

We have presented evidence which seems to pomt to the lungs m 
particular as a source of a histamme-lilve antagomst to adrenahne It 
should be made clear, however, that our endence only deals with the 
response to a sudden artificial mjection of adrenahne, b_i output of i 
depressor substance m such quantity as to over-compensate the direct 
adrenahne effect The facts do not warrant the suggestion that the lungs 
are the onlv or even the prmcipal place of ongm of such a substance 
under physiological conditions As to the part thev might play m relation 
to the passage through them, on its wav to the major circulation, of 
adrenahne issuing at normal rate from the suprarenal gland, we have no 
matenal even for conjecture 

There are many pomts m this connection which can onlv be elucidated 
by further expemnent We must content ourselves, for the present, with 
the presentation of evidence which reinforces the suggestion that action 
of the histamme type is no mere pharmacological cunositv, but one 
of genmne physiological importance m providing, at least m manv 
species, one side of the balanced chemical control of capiUarv tone, of 
which the other is provided chiefiy by the natiual secretion of adrenaline 


Sdxqiaev 

1 The vessels of a cat’s limb, artificially perfused with blood, are 
relaxed by histamme. The tone favourmg this reaction is evanescent 
hut can regularly be restored bv a trace of adrenahne, and occasionallv 
by pitmtary extract 

2 The vessels of the Umb of a monkey or dog, artificialiy petfnsed 
are relaxed by histamme, and the reaction can be ohtamed repeatedly ’ 

3 The perfused arterioles of the cat are constncted, those of the dog 
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than that of the efEect following the ordinary intravenous injection. When 
histamine, on the contrary, was mjected by the same methods, we found, 
m confirmation of earher observations (cf Dale and Eichards) that the 
depressor effect, and the mcrease of hmb volume, began a second or tvo 
earher with artenal than with venous mjection, as would be expected 
of an effect due to direct, penpheral vaso-ddator action The conclnsioa 
seems to be mevitable that the vaso-dilator effect produced by an 
mjection of adrenahne is not due to an action of this type, but is second 
ary to the hberation, m response to the adrenahne mjected, of a vaso 
dilator substance We should expect an effect of this secondary kind 
to have a relatively long latency m any case On the supposition that 
the place of ongm of the dilator substance is m the lungs, we should 
expect that a large part of an artenaUy mjected dose of adrenahne would 
disappear before reaching them, and that the tune taken to travel 
round the major circulation would mvolve an additional latency of 
some 4-6 seconds The results observed confirm all these expectations 
3 Discussion The results of these experiments strengthen the 
suggestion, which has freq^uently been made, that there is a specia 
physiological antagonism between adrenahne, on the one hand, an a 
capdlary-dilator prmciple, on the other hand, which closely resem ^ 
histamme m its action Dale and Eichards pomted out that t e 
liberation of such a prmciple, as the result of metabohc activity, vou 
provide a perfect fine adjustment of the capillary circulation to t 
needs of the tissues, and suggested that an important function o 
normal output of adrenahne, from the suprarenal glands, mig t e so 
to balance and antagonise this dilator action as to mamtam or res r 
a normal capillary tone This conception seems to be supporte y 
evidence that each of these substances, mjected m small 
an accelerated output of its antagonist Under appropriate con ° ’ 
a mmute dose of histamme produces an effect m which the ac o 
adrenahne is more promment than that of the histamme itse , 
a small dose of adrenahne, mjected under the alternative con - 
produces an effect which is mainly of the histamme type, an ^P 
due to the output of a histamme-hke prmciple It is a ^,i,jdeii 
that this natural output of each antagomst, m response to ^ 
appearance m circulation of an excess of the other, occurs o 
the conditions favourmg its detection. It is, of course, o ^ 

low vascular tone will accentuate the secondary (a ma , , jj 
histamme m comparison with its direct depressor ac 
vascular tone will similarly accentuate the secondary ( 



THE CENTRAL AND REFLEX REGULATION OF THE 
HEART RATE Bv G T AXEEP and H X SEGALL 

{Trom the Department oj Phy^iologrj and Biochiniu'dry 
Umvi’rsity College, London ) 

The adaptatioTi of tlie lieart beat to changes m circnlatorv condition^ 

IS attained bv tR’O separate mechanisms (a) by the adaptation of those 
parts of the central nexrons svstem vthich xegnlate the rate and the 
srrensth oi the cardiac contraction, and (6) bv the adaptation of the 
heart musde itselL IVhile the rate of a denervated heart remains im- 
anected bv chaoses m the circiila+orv conditiorLS and is mainly deter- 
mined by the temperatnre of the blood the rate oi the heart in the vrhole 
body 15 mfluenced m addition by a great nnmber of changes in the 
mechanical conditions of the circulation. This drSerence to a large 
extent is explained bv the presence of the extra-cardiac mechanism of 
adaptation irhich is lacking m the heart-lung preparation. The use of 
the vrhole animal for the studv of this mechanism is not entirelv suitable 
because it is difficult to control mdependentlv the cerebral and the 
systemic circulation and to decide whether changes m cardiac achvitv 
are of centrah reflex, or peripheral ongm. The dmerent methods of 
mterartenal and arteriovenous crossed circulation tthich have been 
introduced to overcome these difficulties do not matenaHv improve the 
control over the mrculatioii. The neiver methods oi crossed circulation 
as used bv Anrep and Dalvai Anrep and StarlingC) and Her- 
mans O) thou^ thev place the cerebral circulation under a better 
control yet leave the systemic circulraon stfll uncontrolled. The experi- 
ments to be described ~ere performed mth a nett technique trhich alio tvs 
an mdependent control over the circulation m the bram and m the 
heart Briefly this techmque consists m establishing an mn^rraied 
heart-lung preparation m contrast to the denervated preparations of 
Hartinai, Hering(5) and Starhngei) 

The innervated hearidung preparation Two dogs are nsed for each 
experiment From one dog blood is collected, whilst the second dot^ is 
injected with morphia, ansstheteed with chloralose (0-075 gnn. per 
kilo), and bled from the femoral artery about one-quarter of its total 
blood volume Artificial respiration with room air is started, and the 
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relaxed by bistamme It is suggested that the predommant incidence 
of the histamme dilator action on the capdlanes is pecuhar to the cat 

4 There is evidence that a secondary pressor effect of histamine 
IS due to accelerated output of adrenahne, and that the depressor 
effect of small doses of adrenahne, Seen m the anaesthetised cat or dog, 
IS also a secondary effect, due to hberation of a histamine-like principle 

5 The beanng of these observations on the chemical control of 
capdlary tone is discussed 


REFKEENCES 

1 Dale and Rioharda This Jonm 62 p 110 191S 

2 Mautner and Pick. Munch, med Wooh. 62 p 1141 1916 

3 MoDowall This Jonrn 67 p 146 1923 

4 Inohley Bnt Med, Jonm 1 p 670 1923 

5 Condon. This Jonrn 46 Proo Phyg Soo p slvi 1913 
0 Hooker Amer Jonrn. Physiol 38 p 200 1916 

7 Drinker, Drinker and Lnnd. Ibid. 62 p 1 1022 

8 Bayliss Proo Roy Soo B, 89 p 380 1916 

9 Krogh and Rehberg Compt Rend. Soo BioL 87 p 461 1922 

10 Dale and Spiro Arch. f. exp Path n Phonnakol 95 p 337 1922 

11 Sacks, Heart, 11 p 363 1924 

12 Dale and Laidlaw This Jonrn. 62 p 365 1919 

13 Abel and Ceiling Jonm Phann. and Exp Therop 23 p 20 1924 

14 Ceiling and Kolls Ibid, 23 p 37 1924 

16 Sollmann and Pilcher Ibid. 9 p 309 1917 

16 Lewis and Crant. Heart, 11 p 209 1024 

17 Killian. Arch. f. exp Path n Phannakol 108 p 256 1925 

18 Hogben, Sohlapp and Macdonald. Quart. Jonm. Exp Physiol 14 p 301 

19 Kellaway and Cowell This Jonm, 67 p 90 1923 



THE CENTRAL AND REFLEX REGULATION OF THE 
HEART RATE By G V AXREP H N SEGALL 

[From the Department of Physiology and BiochemislTij, 

Dmversity College, London ) 

The adaptation of tte heart beat to changes in circnlatoiy conditions 
IS attained by two separate mechanisms (a) by the adaptation of those 
parts of the central nervous system which regulate the rate and the 
strength of the cardiac contraction, and (6) by the adaptation of the 
heart muscle itself BTule the rate of a deneri'ated heart remains un- 
affected by changes m the circulatory conditions and is mainly deter- 
mined by the temperature of the blood, the rate of the heart in the whole 
body IS influenced m addition by a great number of changes m the 
mechamcal conditions of the circulatiom This difierence to a large 
extent is explamed by the presence of the extra-cardiac mechanism of 
adaptation which is lacking m the heart-lung preparation The use of 
the whole anim al for the studr of this mechanism is not entirely suitable, 
because it is difficult to control mdependently the cerebral and the 
systemic circulation and to decide whether changes m cardiac achvitv 
are of central, reflex, or penpheral ongun The difierent methods of 
mterartenal and artenovenons crossed circulation which have been 
mtroduced to overcome these difficulties do not matenallv improve the 
control over the circulation The newer methods of crossed circulation 
as used by Anrep and Daly(i), Anrep and Starlingp) and Hev- 
mans(3), though they place the cerebral circulation under a better 
control yet leave the systemic circulation still uncontrolled The expen- 
ments to be described were performed with a new techmgue which allows 
an mdependent control over the circulation m the bram and m the 
heart Briefly this techmque consists m establishing an innertaied 
heart-lung preparation m contrast to the denervated preparations of 
3Iartin(4), Hering(5) and Starling(C) 

The innervated heart-lung preparation Two dogs are used for each 
experiment From one dog blood is collected, whilst the second dog is 
mjected with morphia, ansesthetised with chloralose (OOTogrm per 
kilo), and bled from the femoral artery about one-quarter of its total 
blood volume Artificial respuabon with room am is started, and the 
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chest IS widely opened after a rmd-stemal incision The mtemal mam 
mary blood vessels on both sides are now cut between hgaturea, the left 
subclavian artery close to its origin from the aorta and the right sub 
clavian artery just beyond the ongm of the right vertebrate are tied off. 
The azygos vem is hgatured m two places, close to its entry into the 
superior vena cava and about 2 or 3 cm below this pomt so as to separate 
entirely the upper mtercostal veins from the lower portion of the azygos 
vem It IS advisable also to hgature the nght subclavian vem at its 
entry mto the superior vena cava 

The following blood vessels are then prepared for the insertion of 
cannulae the aorta just beyond the ongm of the left subclavian arten , 
the inferior and supenor venae cavae, the brachiocephahc artery One 
hgature for the brachiocephahc artery is placed mtra-pencardiallyand tlie 
other just extra-pericardiaUy 

The apparatus consists of Starhng’s heart-lung apparatus, together 
with two small rubber pumps which are rhythmically compressed bv 
adjustable eccentrics and which are provided with valves permitting 
the flow of blood only m one direction The aorta and the infenor vena 
cava are connected to the heart-lung apparatus, while the head is per 
fused through the brachiocephahc artery by means of one of the pumps 
The blood issumg from the supenor vena cava is returned through the 
second pump into the reservoir of the heart-lung apparatus As can be 
seen from Fig 1 the head circulation is mamtamed in this preparation 
altogether mdependently of that in the heart and lungs Thus there 
results a heart-lung preparation which retains aU its nervous con 
nections mtact The two mdependent circulations are supphed vith 
blood from a common reservoir and therefore do not difier with regard 
to the composition of the mflowmg blood 

The separation of the thoracic circulation from the cerebral mates 
it possible to vary the mechamcal conditions m each mdependenti} 
On its way to the bram the blood passes through a separate warming 
spiral so that the temperature can be vaned mdependently The circ a 
tion m the head m our experiments is not supphed with an artmci 
compensator and it is therefore possible to observe vasomotor change^’ 
m the perfused head In the absence of the compensator the bloo 
pressure m the cerebral circulation has to be adjusted by altenng 
stroke of the perfusion pump 

The sequence and mode of introduction of the four cannulie are as follows 

1 The inferior vena cava is clamped and the heart is allowed partially to 
The lower hgature on the aorta is then tied and the aortic cannula introduc 
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Jjg. L Diagram ofth' innerralcd htartdunff preparation The heart Itmg apparatu* contains 
the warming spirals and the artificial resistance The heart lung circnit consists of the 
venons reservoir A from which the blood flows through caannla B into the inferior vena 
cava, the blood leaves the heart from the aorta through cannula C The cerebral orcn 
lation is maintained bj- pump 1, which drives the blood into the brachiocephahc 
artery D the blood flowing from the head through the supenor vena cava E i' 
collected into a beaker and then returned bv pump 2 mto the venous reservoir 
The beaker is kept at the level of the head. 

to bleed too much, hut to leave enough blood to supplv the heart and brain. The side branch 
of the cannula is then closed and the abdomen compressed so as to press the remamder of 
the animaTs own blood into the heart when the lower ligature on the mfenor vena cava 
IS tied. 
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2 Meanwliile the veuons reservoir of the heart-lung apparatus is filled with defibnnated 
blood to which is added about 0 02 grm. of hepann, in order to prevent the olotting of the 
blood which remains m the animal After introduction of the cannula into the infenor vena 
cava the heart, lungs and bram are perfused. The artificial resistance in the heart-Iimg 
apparatus is kept high from the veiy beginning in order to ensure a good peifuaon of the 
brain and of the coronary arteries m this stage of the experiment. 

3 The third cannula to be introduced is that into the superior vena cava draunng the 
brain The tube connected to the cannula (which is clamped dunug the lutioduotion) dips 
into a beaker from which the blood is sucked back into the venous reservoir by one of the 
two rubber pumps 

4 The last cannula to be introduced 18 the one into the braohiocephahoarteiy All the 

system of tubes connectmg this oannnla with the apparatus are filled with blood. The cannula 
IS quickly introduced into the artery, the ohp on the superior vena cava is removed, and the 
circulation through the bram is started, the circulation through the heart and lungs being 
now separated from that of the brain The only occasion when the brain is not snpphed 
with blood IS during the mtrodnotion of the arterial cannula, and this stage is passed through 
as qmokly as possible 

In cases when this operation was unduly prolonged the brain was found to be in a 
of dimmished activity for a considerable period of time The conjunctival reflex as a e 
disappears even with a rapid mtrodnotion of the oannul®, but it quickly returns and remains 
active as long as cerebral oircnlation is maintained. The reflexes of deglutition and sahvsiy 
secretion, and the respiratory efforts continue as before The artificial respiration ^ 
changed to a mixture contaimng 4 0 to 4 8 p o COj and not less than 60 p o. of 
This percentage of COt ensures that the high pulmonary ventilation does not ' 

tissues aoapmo, and the high tension of oxygen serves to minimise the effect oH ® 
issmng from the vena cava supenor, reducing the oxygen saturation of the nui 
the common reservoir 

The inverse relation between artenal blood-pressure and heart rate 
which was first demonstrated by Mareyfl) has received different e.x- 

planataons BernsteinfS), Fran90is-T'rank(9), Biedland Ileiner(i ) 

and Gerhardt(ii) beheve it to be of a purely central vagal ongm 
KochmannOS) regards it as a reflex through the vagus centre, but s 
that the centre itself is insensitive to changes m blood-pressure e ue 
and BiberfielddS) state that the slowing of the heart rate 
entirely on the nse of mtracranial pressure Amongst recent au o 
He don (14) and Foa(is) subscribe to the theory of purely central ongi 
of bradycardia, while Eyster and Hooker ae), as weU ’ 

Chabrol and Marchandai), beheve It to be based on a dual mec a 

mvolvmg a central and a reflex stimulation of the vagus ur k , 
Starling state that “there is at present not sufficient e^enme 
evidence m favour of any reflex mechamsm being involved 
however, finds that the bradycardia and the vagus tone alike are p 
reflex It must be added that MacLeod(i8) and Stewart and k 
regard the vagus tone as bemg reflex, while TiegerBtedt(20) 
to a central stimulation In view of all these contradictory s 
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vni\ regard to Marey’s La^ our first problem was to pursue the enqmry 
by means of out new tecbmcjue 


The central mechamsni 

Our erpenments show, contrary to Heymans’ observations and lu 
confirmation of tbe results of Anrep and Starling, that witb tbe vagi 
and sympathetic nerves intact a nse of the blood-pressure m the head 
IS followed by slowing of the heart rate The central mechamsm thus 
becomes obvious as a factor of the Marey’s Law, smce the conditions in 
the heart itself with regard to output, arterial pressure and temperature 
remam constant throughout the experiment Moreover, the slowmg 
of the heart rate on raismg the cerebral blood-pressure and the accelera- 
tion when the pressure m the head is diminished does not depend on the 
rate at which the change m pressure is produced. A qmck nse of the 
cerebral pressure has the same ultimate effect as a nse produced slowly 
Once the heart rate has been changed, either by a nse or by a fall m the 
cerebral pressure, it contmues to beat at its new rhythm so long as the 
cerebral pressure remains unaltered The effect of a faU of the cerebral 
pressure cannot be explamed on the basis of an madequate blood supply 
of asphyxia smce changes m pressure of not more than 15-20 mm of 
mercury have often a considerable effect on the heart rate, while they 
have only a small effect on the blood flow through the head In expen- 
ments m which the bram remains m a good condition the effect of changes 
m the cerebral pressure upon the heart rate can be observed at any stage 
of the experiment The sensitivity of the bram to changes in blood- 
pressure vanes from experiment to experiment In most cases, however, 
we found that changes below a pressure of 80-100 mm of Hg had httle 
or no effect on the heart rate Changes produced m the higher ranges of 
pressure progressively mcrease m their effect For instance, m many 
experiments, a nse of the cerebral blood-pressure from 60 to 100 mm 
retarded the heart rate by only 10 to 20 p c while a nse of pressure from 
140 to 170 mm caused nearly a complete arrest of the heart lastmg for 
a considerable time Fig 3 B and Exp 1 illustrate the effect of changes 
m the cerebral pressure upon the heart rate 


Exp 1 Output o£ the heart 468 ec. per nun. The systemic blood 
between. 90 and 105 nun. of mercury 


pressure is maintained 


Cerebral blood pressure 60 75 100 110 126 140 160 180 200 10 

Heart rate per mm. 204 190 174 162 126 102 66 30 0-18 228 

The syrtemio blood pressure dropped below 60 mm. when the cerebral pressure reached 
,<:UU micu of mercury 
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Thereciprocal nature of the centralregulation of the heartrate Cooperpi) 
found that a temporary occlusion of both carotid artenes caused an 
acceleration of the heart beat Franjois-Frank ascnbed this effect to 
a stimulation of the sympathetic fibres, Hunt( 22 ) and later Scilianops) 
explamed the acceleration by a dimmution of the vagus tone, while 
Schiff and Navaliohin(24) found the acceleration to persist even after 


injection of atropme or after section of both vagi Hunt and Sciliano, 
as well as Kish and Sakai(2S), ascnbe the effect to a dimmution of the 
vagus tone and a simultaneous mcrease of the sympathetic tone The 
acceleration of the heart rate is generally considered to be due to 
asphyxia of the brain or to the fall of cerebral blood-pressure The 
opposite effect of a rise m the artenal blood-pressure was ascnbed by 
those authors who beheved m the central ongm of the effect either to 
the dimmution of the vagus tone or to mcrease in the sympathehc tone 
In our experiments we found that the effect is chiefly due to a stunu 
lation of the vagus centre but to a small extent also to a dimmution of 
the tone of the accelerator centre The part played by the latter can be 


noticed after section of both vagi or injection of atropme, when a ns 
m the cerebral pressure stall causes a shght retardation of the heart 


beat (Exp 2) 

Exp 2 Output of the heart 404 c o Systemic blood pressure 100 mm Both vagi cut 
Cerebral blood pressure 100 100 170 200 200 00 ^ 

Heart rate per mm 192 192 183 176 180 190 

After extirpation of the stellate gangha as well as section of 
vagi the retardation disappears completely Extirpation of the ® ® 
gangha alone does not change the effect to any appreciable extent 
the changes m the cerebral circulation were never such as to cause a^ 
ansemia of the bram, it must be concluded that a rise m the 
pressure m the bram besides stimulating the vagus centre also i ^ 
the centre of the accelerator nerves, and conversely a fall m the cere ra^ 
pressure stimulates the sympathetic centre and inhibits the vag 
centre The central mechamsm of regulation of the heart rate is t er 


of a reciprocal nature ,, , 

A nse m the cerebral pressure produced by an mjection o ^ heart 
of adrenahne caused m our experiments an extreme slowmg ° ^ ^ ^ 

beatfFig 2) The blood flow through the bram was m most cases atiec 

only shghtly or not at aU, so that asphyxia could not occur mu 
to the slowmg of the heart produced by the mechamcal nse m t e cere 
blood-pressure, the slowmg produced by adrenahne is ma y 
mcrease of the vagus tone but also to a dimmution of t e sympa 
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tone After section of totli sets of nerves adrenaline injected into the 

cerebral circnlation has no effect upon the heart rate 

The effect of adrenaline npon the central nervous system can be 
observed at any stage of an experiment, provided the is m gooi 

condition. The slovang of the heart is not completely abohshed by arti- 
ficially maintaining the cerebral pressure at a constant level Hovre^r, 
this does not imply a specific action of adrenahne upon the vagus centre 
smce as shoim by Anrep and Starling the pressure m the brachio- 
cephahc artery does not necessarily run parallel vrith the changes in 
pressure m the circle of WiUis 



Ilg 2. Ontput of the heart 560 c c blood flow through the head 180 c c. per miri. At A 
injection of 0 i c c of 1 100 000 adrenaline into the cerebral circulation. At B the 
cerebral blood pressure is reduced artificiallT bo as to bring about a rettrm of the heart 
beat to its prenous rate At C the cerebral pressure is returned to normal the heart 
rate however remains slow for a long tune and retnms onlv graduallv 


The tone of the accelerator neries The fact that the sympathetic 
fibres play a part m the central regulation of the heart rate makes it 
necessary to assnme an existence of a defimte tone of accelerator nerves 
The presence of such a tone iras obvious m most of our experiments and 
this could he shotra m ttvo ways, as follows 

1 An extirpation of both stellate gangha led m almost every ex- 
periment to a retardation of the heart rate after a prehminary qmcken- 
mg This retardation was most marked when the removal of the 
sjTupathetic gangha was performed after the section of both vagi 
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2 After section of both vagi the heart assumes a rate which is quicker 
than that generally observed m a denervated heart-lung preparahon. If 
after section of the vagi the circulation in the head is stopped and the 
whole preparation thus transformed mto a denervated one, the heart 
after a considerable acceleration assumes a rate which is far below the 
one before cessation of the cerebral circulation (Exp 3) The temperature 
of the blood in the heart and the mechamcal conditions of the cardiac 
circulation remain m these experiments unchanged 

It must be noted that the expenments with the removal of the 
stellate gangha were performed under good circulatory conditions with 
a good oxygen supply to the bram In one of the expenments m which 
the sympathetic tone was very obvious the blood m the cerebral cucula 
tion was 98 p c saturated with oxygen and contamed 17 vol p c of COj 

Exp Z Bothvagicnt. 0utput46Gcc Sjstenuc pressure 02 nim The heart rate keeps 
steady at 108 beats per mm After arrest of the circulation m the bram the heart rate per 
mm was (readmgs taken everv 30 sec ) 210, 222, 234, 240, 262, 252, mterval 3 mm-i 220, 
204, 204, 198, mterval 3 mm , 180, 180, 180, 174, interval 3 mm., 152, 152, 152 

The effect of anoxcemia upon the vagm cent! e Experiments upon the 
vagus centre under different tensions of oxygen and COj wiU form the 
subject of a further commum cation In the present paper we sha 
describe only the effects of madequate blood supply or insufficient 
oxygenation of the blood In our expenments anoxamia was produce 
either by a temporary arrest of the cerebral circulation or by an m 
sufficient oxygenation of the blood In the latter case the artificia 
respiration was changed from 60 p c oxygen to air containing m ot 

cases about 4 p c of COg , , 

The observations upon the effect of a sudden cerebral anromin 
not present any new pomts The first and immediate effect is a ways 
an acceleration of the heart which is best explained by the sudden 
of the cerebral blood-pressure After about 1 mmute the vagus cen re 
IS re-excited, the heart slows considerably and if the anmnua is pro^ 
longed may stop, soon, however, the vagus centre becomes para^ 
and the heart now under the influence of the accelerator nerve ea ^ 
a much faster rate than before the cerebral anmnua If the antemi 
produced after section of both vagi only an accelerator effect is o serv 
This shows that m the first case both centres are bemg simu taneou 
stimulated by the anasmia, the effect of the inhibitory centre pre 
atmg over that of the accelerator Thus the two centres lose un er 

conditions their reciprocal relation „„c,n<r 

Readmission of blood qmckly removes the effect of anronna 
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an acceleration ot tlie heart rate rvhen the vagi are stdl active, and a 
retardation after their section or their paralysis In both cases re- 
admiBSion of blood removes the excess of tone of the centres Exp 4 
gives an example m which the blood on readmission was at a much higher 
pressure than before the anaemia It can be seen that the excessive tone 
of the vagus centre was removed as soon as the penod of ancemia was 
termmated the heart accelerated its beat much beyond its rate before 
the period of anBemia Soon, however, the vagus centre again entered 
mto a hypertomc state, respondmg to the mechamcal influence of the 
high pressure so that the heart rate came back again practically to the 
same extent as durmg the penod of antemia This hypertomc state was 
now removed by dropping the cerebral pressure to its onginal lei el 
(Exp 4) 

Sxp 4. Output o! the heart 76Scc.,8ystenuc blood pressure 100 mm. Readings even 
30 seconds. 

Cerebral blood pressure 106 0 0 0 0 172 172 172 172 172 lOG 100 100 

Heart rate per mm. 130 198 152 88 60 192 195 130 98 98 130 142 142 

We beheve that experiments of this kind explain some of the con- 
tradictory statements made with regard to the central effect of blood- 
pressure They show that the vagus centre can be m at least three 
different states (1) when it is excited by high blood-pressure, the 
accelerator centre losing some of its tone and both centres causing a re- 
tardation of the heart, (2) when the vagus centre is excited by cerebral 
anffimia, the sympathetic centre being excited simultaneously, and (3) 
durmg the transition stage from stimulation by antenna to the stimula- 
tion by high pressure, when the centre has lost its excessive tone created 
by the anaemia but is not yet responsive to the effect of high blood- 
pressure 

In those experiments m which anoxemia of the bram was produced 
by msufficient oxygenation of the blood without changmg the CO, 
tension m the respuatory an or the blood supply to the bram, it was 
foimd that these three different states of the vagus centre were more 
pronounced and succeeded each other in gradual stages 

The first effect of anoxsemia on the vagus centre is found m the 
alteration of its response to mechamcal changes m the blood-pressure 
Increases m the perfusion pressure are found to have a progressively 
smaller effect until, finally, they cease to have any effect at all Often 
the heart is at this stage accelerated, and we are unable to state 
whether this acceleration is due to a diminution m the vagus tone or to 
mcrease m the sympathetic tone On prolongation of the penod of 
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anoxffinua the vagus centre is re-stunulated, the heart rate slows and 
now rise in the Wood-presaure causes an acceleration of the heart 
y removing the excessive inhibitory tone Section of both vagi 
perfOTmed at this stage causes an extreme acceleration of the heart 
w 0 IS now subjected to the unrestramed influence of the excited 
accelerator centre Increases m the cerebral pressure performed now 
retard again the heart beat by removing some of the excessive tone of the 
accelerators (Exp 5) 


£xp 5 Output of the heart 640 c 0 . Svstenuo pressure 92 mm 
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Group I represents the normal rehouse of the vagus centres to an increase m tli® 
cerebral pressure 

Group 2 shows the first effect of anoxtetnia in that the effect of a ns© of the cerebral 
blood pressure is dunmislied 

In Group 3, which is recorded 5 minutes later, the effect of raising the blood pressure 
IS absent. 


Group 4 shows the slowing of the heart wbioh is due to the stimulation of the vsgns 
centre by anoirieirua, a nse m the cerebral blood pressure rehe^es the state of anotseiniii 
and instead of slowing the heart further now produces on acceleration. 

Group 5 IS recorded immediately after section of both vagi but with continuation 
of anoxflemis, a nse m the cerebral blood pressure removes the excessive ton© of 
sjonpathetiQ nerves and again reduces the heart rate 


Ab stated above we have not studied the effect of oxygen lack and 
of COj separately, and we are not m the poation to state at present 
even the approximate oxygen saturation which is necessary for the 
mamtenance of the vagus centre m a normal condition 

After complete denervation of the heart cerebral anffimia has no effect 
on the heart rate 

The evidence presented thus far leads us to the conclusion that an 
increased cerebral blood-pressure has under physiological conditions an 
antagomstic effect upon the vagus centre and the sympathetic cardiac 
centre, increasmg the tone of the first and dinunishmg the tone of the 
second A mild degree of cerebral anoxtemia gradually renders the ^ agus 
centre insensitive to changes m the arterial blood-pressure 
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Prolongataon of the anoxsemia or greater degrees of anoxfemia 
stimulate both centres so that they tend now to antagonize each other 
We do not find any explanation for the negative results of Hey mans 
except only m the damage which was produced in his case by section of 
the spmal cord, and which abolished the sympathetic innervation of 
the heart With an madequate blood supply to the bram, the blood 
flow of which he could not determine, the vagus tone might haic 
been due to an anoxamia which prevented the nse in blood-pressure 
from causmg a retardation of the heart beat Hey mans mentions that 
m the early penod of some of his experunents he obtamed an mdica- 
tion of the central effect, a fact which he considers to be of no importance 
smce it disappeared very soon In our expenments the nse m pressure 
m the bram produced this effect normally, so long ns the expenment 
lasted 

The reflex 7nechamsm 

{a) The effect of changes in the aortic pressure The innenated heart- 
lung preparation allows us to change the blood-pressure in the aorta 
and m the heart without simultaneously affectmg the pressure m the 
bram Our experiments complete the obseriations of Anrep and 
Starling m showing that Marey’s Law is based not only on the central 
mechamsm but also on a reflex mechamsm In confirmation of the 
observations of Heymans we find that a nse m the aortic pressure 
without any corresponding change in the cerebral pressure, produces a 
slowing of the heart beat (Fig 3 A and C) This slowmg of the heart is 
of a reflex ongin and entirely disappears after section of the vagi After 
destruction of the sympathetic nene supply the reflex remains un- 
changed, but after mjection of atropme we still find m several expen- 
ments a small dimmution of the heart rate foUowmg an mcrease in the 
aortic pressure These experiments suggest that the reflex mechanism of 
the regulation of the heart rate like the central mechanism is most 
probably based on a dual innervation, the vagus and the sympathetic 
nerves workmg m a reciprocal manner Smce the reflex disappears after 
section of the vagi the afferent path most probably runs m these nerves 
We did not perform any experiments with the object of determmmg 
the seat of the penpheral receptor organs The existence of separate 
central and reflex mechanisms, which both play a part m Harey’s Law 
shows a stnkmg similanty between the mode of innervation of the 
cardiac mhihitory centre and the vaso-motor centre, both centres bemg 
under central and reflex control * 

The reason why the resultsof theexpenments by Anrep and Starling 
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were negative with regard to the reflex mechanism is not quite clear 
Bnt it IS certain that the central nervous system m our exj)enmeiits was 



Pig 3 Shomng the reflex retardation of the heart rate at A and C, and the central tefud" 
tion at B The two parts of the figures were taken from two different erpenments 


in a considerably better condition Moreover, in our experiments no 
only was the hram but also the heart supphed with blood containing 
approximately a normal amount of COg There are also some definflc 
conditions under which either the reflex or the central eSect can e 
observed with greater facihty In cases when the vagus tone is reduce 
because of a low cardiac pressure we find it more difi&cult to pro uce a 
sloivmg of the heart by a rise of pressure m the bram (this was the case 
in most of the experiments by Heymans who worked on the spma^ 
animal) If, on the other hand, the vagus tone is dunimshed on 
of a low cerebral pressure it is more difficult to decrease the hea ra 

by the reflex effect of high aortic pressure ^ h iac 

{b) The effect of changes in the output on the heart rate the axn n ^ 
reflex ” It has been well estabbshed on the denervated hea o 
preparation that neither artenal pressure (and therefore 
of the coronary flow), nor the changes m the output of the ea 
any influence upon the heart rate In the whole ammal Bain ri g 
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sho-wed that the heart rate is afiected bv changes m its minute output, 
an increase m the output being followed by a considerable acceleration 
of the heart This acceleration Bainbridge found to be based on a 
reflex which is initiated from the venous side of the heart due to mcrease 
m venous pressure The afferent path was traced along the vagi, and the 
efferent mainly along the vagi, but also to some extent along the svmpa- 
thetic nerves The cardiac acceleration was thus the result of a reciprocal 
action of the two sets of nerves Bainbridge obtamed the mcrease in 
the output of the heart by means of mjections of sahne or defibnnated 
blood mto the circulation of the whole animah His experiments are open 
to criticism on account of the alteration of the composition of the blood, 
mtroducmg changes with respect to its oxygen and CO, saturation, 
its H-ion concentration and its viscoaty Moreover, the changes m the 
output of the heart and m the venous pressure affected not only the 
venous side of the heart but also the circulation m the centres and m the 
lungs Sassa and Miyasakipi) confirmed the observation of Bain- 
bridge, using rubber balloons to raise the pressure m the big vems and 
anncles This eliminated the mtroduction of foreign fimds but mtro- 
duced a number of other comphcatmg factors Smce th^ Bambndge 
reflex may be open to criticism on these grounds, we decided to perform 
a senes of experiments upon this question. All our results showed 
defimtely that the Bambndge reflex does exist and pla 3 rs a very im- 
portant part m the adaptation of the heart to changes m the circulatory 
conditions 

Smce we used the heart and lungs as a heart-lung preparation, it is 
obvious that any mcrease m the venous inflow mto the heart withm 
certam hnuts had no effect upon the artenal blood-pressure Any nse 
m the artenal pressure accompanymg very large mcreases m the inflow 
could be corrected practically mstantaneouslv by adjusting the artificial 
resistance The factor of temperature had also to be considered Accord- 
ing to Mansfeld(2S) a sharp nse m the venous temperature of even less 
than one degree sets m operation an accelerating reflex Kish and 
Sakai(29) deny that the acceleration is of a reflex ongm and find no 
differences m the reaction of the heart to changes m temperature before 
and after denervation Nevertheless, we thought it advisable to mamtam 
the temperature of the curcnlatory flmd both m the heart and m the btam 
ngidly constant IVith large flows this was not found to be difficult, and 
though m many experiments we observed changes of something less 
than rr 0 3° C m others there was no change m temperature whatsoever 
The Bambndge reflex was observed m afl these experiments The 
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heart began to accelerate a few seconds after the output was mcreased, 
reached its maxiinum rate within 60 to 90 seconds and remained accele- 
rated so long as the increased output was maintained When the output 
was agam reduced to its ongmal volume the heart slowed down and 
reached its ongmal rate wit hin a couple of mmutes The acceleration was 
never such as to keep the output of blood per beat constant, but this was 
generally reduced by one-third or one-half of what it would have been 
without the operation of the Bambndge reflex (Figs 4 and 6) After 




Fig 4 (bottom tracing) On moreasmg the minute output of the he®rt ® 
per mm the heart rate accelerates from 93 beats to 132 beats e 
which was 3 3 c c (figures m brackets) moreased on account o 
instead of to 6 8 c c only to 4 8 c c On reducmg the mmute outpo 
returns to normal The blood pressure m the head was kept at 110 m K 

Fig 6 (top tracmg) Same as Fig 4, but the cerebral pressw is , increased 

heart beats faster to start with A large augmentation of the minu P 
the heart rate from 114 to 174 beats per mm and t^s ^ „ the head 

moreasmg from 2 4 to 9 8 o c increased only to 0 4 o c The bloo p 
wTis kept at 126 mm Hg 

section of both vagi the reflex disappears entirely, but it is 

after extirpation of the stellate gangha In expemnen m 

efl^erent fibres of the vagus were paralysed by atropme 

found to be greatly diminis hed, and after ° that 

gangha absent We thus confirm the conolusions of a 

the reflex is of a reciprocal nature, mvolvmg the in | ^ ^ 

accelerator nerves The afferent path appears to he exclus y 

vagus nerve 



229 


regulation of heart rate 

As regards tlie location of tlie receptor part of the reflex onr expen- 
ments are of a negative character Bainbridge regarded the nse in the 
venous pressure as being the stimulus which sets the reflex in operation 
He did not consider, however, several other factors which ate involved 
m every case of mcreased output, namely, (1) mcrease in the diastohc 
volume of the heart, afiechng the muscle and the visceral and panetal 
layers of the pencardium, (2) mcrease m the pulmonary pressure 

To descnbe bnefly the results of our experiments, we can say that 
the reflex is unaltered after section of the pulmonary branches of the 
vagi and after removal of the panetal layers of the pencardium On many 
occasions we observed a definite Bambndge reflex with a minimum nse 
of the venous pressure, and m several cases the venous pressure did not 
nse at afl. or rose only for a short time We therefore thmk that the 
question of the location of the receptor part of the reflex arc should be 
still left open and that it is premature to regard the venous pressure as 
being responsible for the reflex 


APPEKDIX 

The depressor and the pressor reflexes 

Some vascular reactions were observed m the course of the pre- 
ceding experiments, which though not subjected to special studv speak 
m favour of the existence of a distmct depressor and pressor reflex as 
advanced by Pavlovpo) and by MacDowelloi) Anrep and Starling 
showed that a sharp fall m the aortic pressure is accompamed by a nse 
m pressure m the perfused upper part of the body This effect could be 
explamed either by a dmunution of the depressor tone or by a separate 
pressor reflex In several of our experiments we obtamed the same effect 
but could not decide with certamty between the two possible explana- 
tions However, we have recorded up to the present three different 
experiments m which it was possible to determme the threshold blood- 
pressure m the aorta at which the depressor reflex is set mto operation 
In this way the depressor mechanism could be separated from the 
pressor reflex. Changes m the blood-pressure above 120 mm caused in 
one of these experiments a defimte depressor action, variation m 
pressure between 80 and 120 had no depressor effect We can conclude 
therefore, that the threshold aortic pressor of the depressor reflex was 
m this exponent about 120 mm. Hg In the same experiment a fall of 
pressure below 80 mm. Hg was accompamed by an evident nse of the 
pressure m the head Smce the depressor mechanism was not mvolved 
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we believe that this increase m pressure speaks in favour of the enstence 
of a separate pressor mecbanism and thus supports the conclusion reached 
by Pavlov andMacDowell Botb reflexes disappeared after section of 
the vagi Experiments of this land do not bear out the suggestion that 
the natural thresholds of the reflexes are usually separated by a land of 
gap in which neither one nor the other are stimulated 

Conclusions 

1 The experiments described m this commumcation were earned 
out on the innervated heart-lung which is desenbed m the text 

2 In confirmation of the experiments of Anrep and Starling and 
contrary to those of Heymans, the heart rate was found to be influenced 
directly by the blood-pressure m the brain A nse m the cerebral 
pressure caused a slowmg of the heart rate, an effect determined by a 
reciprocal action of the vagus and the sympathetic nerve ^ 

3 Anoxffimia of the brain dimimshes and finally reverses the central 
effect of blood-pressure upon the heart rate 

4 In confirmation of the experiments of Heymans and contrary to 
those of Anrep and Starling, the heart rate was found to be influenced 
also by reflexes ansmg from changes m the aortic blood-pressure A nse 
in pressure caused a retardation of the heart 

5 The observation of Bainbridge that an mcreased output of the 
heart gives nse to a reflex acceleration of the heart beat finds confirma 
tion m our experiments with the innervated heart-lung preparation 

We wish to express our thanks to Mr R A Nash for the very 
valuable assistance he rendered us durmg this work 

The expenses of this research irere defrayed by a grant from the Medical Research 
Council held by one of ns (G V A.) 

Dnnng the preparation of this paper a prehmmaiy commiinicabon by Hcrmg 
came to our notice m rrhioh he claims to have shown that the central effect o 
pressure upon the heart rate is based upon a reflex ongmating within the smus care i > 
the afferent path being in the glossophaiyngeal nerve After destruction or denerva 
of the smus changes in blood pressnre had no effect upon the heart rate In 
with R A Nash one of ns (G V A.) found that after destruction of the sinus 
changes in the cerebral blood pressure contmue, in the innervated heart lung prepare 
to exercise the effect upon the heart rate as desenbed in this paper 
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A METHOD OF MEASURING DIRECTLY THE TOTAL 
AND PARTIAL PRESSURES OF THE GASES IN BLOOD 
By E P POULTON, W R SPURRELL (JJiTrfa a«(i iJonaW 
Poulton Stiident) and E C WARNER 

{From tJie Phys%olQgical Laboratory and, Medtcal Investigation 
Department of Guy's Hospital ) 

Krogh(1, 8) described a bubble metbod for measurmg the pressures 
of CO 2 and O 2 m blood co min g from the blood vessels of an ammal, and 
for measuring COg m a small sample of blood Although it migit be 
possible to use Krogh’s techmque for the oxaJated blood of man there 
are difficulties, viz (a) Krogh found that hirudm was necessary to 
prevent coagulation and that oxalate was unsatisfactory, (b) m our 
expenence the blood above the bubble m the micro-analysis apparatus 
often becomes contammated with the strong KOH or pyrogallol from 
below, so that it coagulates and the analysis is spoilt Barcroft and 
Nagahashi(2) have descnbed another method for oxygen There is 
some doubt how far this method can be apphed to artenal blood if, 
accordmg to Krogh, the total gas pressure is sometimes less than atmo 
sphenc pressure Further, Barcroft and Nagahashi could not obtain 
satisfactory results for the COj , these were always too low 

We began by usmg Barcroft and Nagahashi’s method, but t e 
changes we have made m it have all been m the direction of Krogh s 
original method The apparatus^ consists of three parts which we have 
termed the syringe, the analyser and the absorber (Fig 1) 

The aU-glass syrmge, which is of the kmd that is ordmanly used or 
washmg out the urethra, has a groimd glass plunger fittmg closely mto 
a glass barrel of capacity 16-20 c c The ends of the barrel and plunger 
are cone-shaped so that the dead space is axial and minimal The arre 
of the syrmge is cormected by a short glass tube of 2 5 mm bore an ^ 

2 cm length with a two-way tap From this tap is a further len^ 0 
2 5 cm of similar bore, havmg a ground glass taper end, whic 
accurately mto the cup of the analyser ^ , 

The analyser consists of a glass tube (length 8 cm and bore 1 1 
with a two-way tap A the proximal end is hollowed out into a groun 
1 The apparatus has been made for us by C R Muller, 0 Parton St WC 
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there is a sbght enlargement, and at this pomt is fused a side tube of 
wide bore fitted with a two-way tap E Great care is required to ensure 
a suitable union at the pomt D (see X, Y, Z m Fig 1) The distal end of 
the capiUary tube has a fine ground taper which fits accurately into the 
proximal end 0 of the absorber, the actual end of the capillary beuig 
ground mto a shallow saucer, as shown 

The absorber consists of a large three-way tap with three arms of 
wide bore tube, two on the proximal side and one on the distal Of those 
on the proximal side one is a short straight tube sermg as an overflow, 
whilst the other opens mto a spherical chamber the mouth of which is 
ground for the reception of the taper end G of the capillary tube of the 
analyser The distal tube is expanded to receive a 2 cm rubber stopper 
fitted with a screw plunger this latter consists of a fine threaded screw 
and gland set m a rubber stopper This absorber resembles that devised 
by Barcroft and Nagahashi, but we have found it advantageous to 
add a short side tube with a two-way tap J between the bulb G and the 
tap E 

Use of the apparatus for partial pressures The barrel of the syrmge 
18 coated with sahva as a lubncant preparatory to use^ Mercury is 
drawn mto the syrmge which is then held upright with nozzle iipwM s 
and the plunger withdrawn until a httle mercury escapes belowr b 
plunger is then pushed vertically upwards, all air is displaced, an t 6 
tap turned off The receptacle cont ainin g the blood is ]omed to ® 
syrmge by a short rubber connection filled with mercury, and the oo 
drawn mto the syrmge m order to lubncate the tap it is gently , 

and a small portion of blood escapes round it The syrmge is now ^ 

vertically with nozzle downwards and the mercury allowed 
untd only a small portion remains to seal the exit tube The t ng 
a rubber cap allows the blood to be stored m ice tiU required 

The next step is the mtroduction of octyl alcohol and of a u ^ 
air mto the syringe A small portion of the mercury seal is rep ac 
octyl alcohol about 2 mm m length The mercury is now with 
air occupies the distal 6 mm of the tube the syrmge bemg PP^ 
mercury, the air and octyl alcohol are drawn mto contact 
blood All the mercury is expelled and the syrmge is conn^ Pnbber 
the analyser, usmg a small portion of the blood to seal the ]oin 
bands are then apphed to A and K to hold the pieces o ap 
together ^ 

1 It IS n ell to put some stiff grease round the top of the harrcl of the syn g 
Avatcr from the both being sucked in or blood bemg forced out 
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■Witlv the apparatus m the honzoutal position and taps K, A and E 
open, the blood is sloivly driven into the analyser, care being taken that 
no bubbles of air remain adherent to the side As the blood is dnven 
along, it is used to lubncate the tap A m the manner descnbed for 
tap °K When the bulb and the side tube are filled tap E is turned off 
and blood is dnven into the capillary To the distal end of the capillarv 
IS attached a length of clean dry pressure tubmg havmg a tap L inserted 
1 inch from the end of the analyser (Fig 2) and the tubing is filled with 


To U tube nanometer 



Fig 2 T) agram of Apparatus for Determination of Total Pressures. 


blood up to the tap L The distal end of the rubber tube is supported 
above the level of the water m the constant temperature bath To the 
side tube E is attached pressure tubmg which leads over the edge of the 
hath This pressure tubing is of sufficient length to allow free mampula- 
tion of the apparatus and connects via a glass T-piece with (a) a mercury 
manometer, and (6) some air m an mverted burette fitted below with 
an adjustable mercury column, which we use for varying and measuring 
the total pressure, as descnbed later 

The bubble is now ready for eqmhbration The apparatus is un- 
mersed m a water hath electncally heated and kept at a fixed tempera- 
ture (we used 37 5° C ) by an automatic tbermo-regulator Taps E, A 
and E are opened, tap L closed, and the contents of the syrmge bemir 
under a pressure closely approximatmg to atmosphenc, the apparatim 
IS rotated manually for 8 mmutes Durmg this time the bubble is made 
to travel up and down the syrmge by a shght tiltmg movement The 
bubble is now to be dnven mto the analyser as a further precaution 
agamst the possibdity of extraneous bubbles adhenng to the side of the 
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tube containing oux equilibrated gas, a small portion of the eqaibbrated 
bubble IS detached and driven forward into the bulb, thus sweeping any 
such non-equihbrated air into the side tube E of the analyser The main 
bubble IS then driven forward, the apparatus being approximated to the 
vertical position to facihtate the passage of the bubble When the bubble 
reaches the bulb D, tap E is turned off and tap L turned on, and by a 
slow, steady pressure the bubble is driven mto the capihaiy until a 
suitable length is obtained Tap L is now turned off and tap E turned 
on so that any small surplus may be driven up the side tube Throughout 
these mampulations the apparatus is kept submerged m the water bath 
Mia o-analysis The apparatus with taps A and E closed and L open 
18 hfted out of the bath and the syrmge and pressure tubmg on E are 
disconnected Tap A is opened and thereupon the analyser is im 
mersed m a shallow water bath at room temperature, the whole manipula 
tion bemg earned out with all possible speed During the cooling of the 
analyser the tendency for the bubble to migrate up or down the capillar} 
must be carefully watched and corrected A small mercury seal is again 
drawn mto the nozzle of the syrmge, the cap is replaced and the blood 
can be stored m ice for a subsequent determmation 

When the length of bubble has reached a constant value, this is 
noted — to avoid parallax the analyser rests on a plane mirror and the 
graduations are viewed through a readmg lens Taps A and E are now 
closed and the rubber tube with tap L is disconnected The residual 
blood above and below the bubble has to be removed and replaced by 
normal saline, which has been shaken up with a few drops of octy 
alcohol Por this the absorber is filled with mercury, and the plunger 
and cork fitted, care bemg taken to exclude all au bubbles the mercuiy 
m the cup G is replaced by salme The end C oi the analyser is now 
inserted into cup G, the apparatus bemg tilted on one side and tap 
opened as the analyser is forced home Tap J is then closed and 
opened By mampulatmg the plunger the blood is drawn slowly 
the capillary towards Q until only a thm film of blood remains, care 
being taken that none of the bubble leaves the capillary The bub e i® 
now driven up the capillary by a column of sahne until it reac es o 
within 1 cm of the neck D tap H is closed, and tap E opened 
bottle containing normal saline is connected with the side tube an 
sahne blown through to wash out excess of blood from A, D and 6 
the flmd is clear the bubble is withdrawn mto the centre of the capi a 
tube, taps A and E are closed, tap J opened and the analyser gen 
withdrawn We have found it essential to leave about 1 cm o oo 
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the capiUarv tube adjacent to D, otherwise the washing causes some of 
the oxygen m the capillary tube to dissolve m the salme 

To absorb CO, the saline m cup G is replaced by a solution of KOH 
(KOH solution 10 grm pureKOHmSocc water) all excess of sahne 
in C is allowed to escape and the analvser reinserted mto G with the 
precautions stated above Tap J is closed and taps A and H opened, 
and the bubble is slowly drawn down mto cup G where it comes mto 
contact with K.OH on no account must the sahne succeedmg the bubble 
come mto contact with the lower 2-3 cm of the capillary which is sub- 
seqnentlv to be wetted by KOH from below The bubble is dnven up 
and down 20 times and finally is left m the graduated part of the capillary 
tube and the whole apparatus placed honzontallv on the mirror tap H 
having been closed, and taps A and J opened The length of bubble is 
read 

To absorb the oxvgen a similar procedure is adopted snbstitutmg 
for the KOH an alkahne solution of pyrogalhc acid This solution con- 
sists of 1 grm of pure pyrogalhc acid in 10 c c of the KOH solution To 
each of these solutions we add a few drops of octyl alcohol As the rate 
of oxygen absorption is slow the reading is not taken until after 80 
descents of the bubble Tbe further shrinkage m volume represents the 
amount of oxvgen absorbed Smce tbe best results are obtamed witb 
rapid workmg, the absorptions are not repeated 

In order to test the accuracy of the method, samples of oxalated 
human venous blood were eqmhbrated m Barcroft tonometers contam- 
mg mixtures of CO, and of 0, according to our usual techmque(3) The 
partial pressures of the gases m the blood were detenmned by the 
method described above and compared with the results from the Bar- 
croft tonometers (Table I) Dunng the analysis of the first bubble (Bj) 

TiBU; I Deternunations of tensions of CO, and 0 bv babble method compared 
with tensions m Barcroft tonometer (In nun. of mercniy ) 

Bubble method 


Date 
XI S3 
13 iu.i3 
20 XU 23 
20 301.23 
2 1.24 
2 1 24 
1 Tii 25 


Barcroft tonometer 1 st bubble (B,) 2ud bubble (B.) 


CO. 

6 

CO 

o' 

CO. 

0- 

28 9 

27 7 





27 S 

07 ■> 

44S 

544 

42 7 

503 



28 6 

489 

25 0 

489 

25*2 


31 0 
44-0 

53 I 

26-1 

28 5 
47 5 

26-8 

280 

5^5 
29 7 

48 2 
35-5 

36-3 

1013 

49 3 
43 1 

336 
103 3 

450 
32 4 

330 

99-S 


the syringe was kept surrounded by ice It was then eqmhbrated with 
a second bubble (S,) on an average 2 6 honrs later than the ongmal 
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equilibration m tbe Barcroft tonometer, and again surrounded b 7 ice 
A tbird bubble was obtamed and analysed after an average of 4 5 hour^, 
from tbe same synngeful of blood 

Tbe degree of accuracy of tbe method m our bands is best indicated 
by Table I, wbicb gives tbe results of seven consecutive determinations 
witb oxygen pressures varying between about 30 and 100 mm earned 
out durmg tbe last year and a balf We bave only been able to work once 
a week and tbe intervals between tbe penods of work have been some 
what irregular Greater accuracy might be attainable with more con 
tmuous work However, apart from experiments, which must be 
neglected owing to some accidental source of error noted at the tune, 
occasional maccuracies for which there is no obvious explanation will 
always be met with in this kind of work, as for instance, in the COj 
result of the first bubble obtamed on 1 vu 26 

In order to get some insight mto the effect of successive re heatmgs 
of tbe blood on the pressures of CO 2 and O 2 in it, we have analysed tbe 
results of aU our experiments successfully earned through at intervals 
durmg a total penod of 38 months, but omittmg those where the dis 
crepancy was large We have of course omitted an equal number at each 
end of the senes, i e when the “ bubble ” tonometer value was much 
too high and when it was much too low On companng the arithmetic 
mean of the COj results of against the mean of the Barcroft tonometer 
results, the former is 0 2 nun lower, which mdicates a very close agree 
ment The average CO, for Bg is 1 8 mm below the Barcroft tonometer 
value, and for Bg 2 9 mm lower 

There would thus seem to be a sbght fall m CO 2 with successive re 
heatings and not a nse as would be expected from metabohe chang^ m 
the blood Smee the fall is contmuous it may be explamed by a gra ua 
diffusion outwards of COj through the sahva lubneatmg the piston ® 
hardly think it could have been due to tbe loss of CO 2 m succe^'fi 
bubbles, because even at the end of the last equihbration the 
of blood left in the syrmge was always greater than the 2 c c allowe 
Krogh So far we have treated all the COg results together, but 
of the experiments we added sodium fluoride to the blood to ^ 
metabohe changes, as suggested by Evans(4) We mostly used 0 P > 
but m a few experiments we used 0 1 p c , which is the proporfion r 
commended by him Our usual practice was to dissolve the 
and oxalate m the blood immediately after it was drawn, so that 
the same blood was used in the Barcroft tonometer and our appara 
In order to make the condition of these experiments rescru e m 
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closely those met -with -when the gas pressures of body flmds are deter- 
mined, we added an experiment (1 vu 25, Table I) m which defibnnated 
blood was eqnihbrated m the Barcroft tonometer, and this blood was 
transferred by means of an oxalated pipette (as m our usual practice of 
collecting arterial blood(5)) to the syringe which contamed the reqmsite 
amount of fluonde, to make a 0 1 p c solution Usmg Ellis’ s capdlator 
method we found that no appreciable effect on the of blood was pro- 
duced by addmg 0 2 p c fluonde, though high concentrations did cause 
a fall of about 0 1 m the pS of a phosphate solution while oxalate caused 
no appreciable effect 

An additional factor must be considered when the oxygen pressures 
are compared Smce the top of the hsemoglobm absorption curve is very 
flat, a change of pressure between 80 and 100 mm will not cause a big 
alteration m the volume of oxygen m blood, while above 100 mm 
when the hsemoglobm is fuUy saturated the alteration m the volume of 
oxygen with pressure wdl be still less, smce it depends solely on the 
solubflity of oxygen m blood Conyersely, any alteration m the yolume 
of oxygen due to metabohc changes will cause a much greater change m 
pressure aboye 80 mm than below For this reason we have considered 
our oxygen results m three categories, 0-80 mm , 80-101 mm and 
125-146 mm (Table II) From 0-80 mm m the case of B^, B, and Bg 


TABtE II To show" the effect of an increasing osvgen tension on the results 
obtained intb the bubble method. 


< txTgen 
pressure 
range 
0- 80 mm 


80-101 mm. 


121-145 mm. 
(fluonde blood) 


Jfo of , 

detenm Tono 
nations meter 
488 

Abore tono — ■ 
meter value 
Below do — 


92 5 

Above tono — 
meter value 
Below do — 


132 9 

Above tono — 
meter value 
Below do — 


Average ovvgen tennon in 


51 6 

5 

Diff 

-c2S 

Tono 

meter 

49 8 

5= 

53 9 
10 

Diff 
^ 41 

Tono 

meter 

003 

B, 

03 6 

9 

Diff 
- 33 

3 

— 

— 

2 

— 

— 

0 



93 2 

3 

+0 7 

92 8 

93 5 
o 

07 

SS6 

82 8 

0 

- 5S 

1 

— 

— 

1 

— 



3 


137 5 

2 

+ 40 

137 2 

122 2 
'o 

-15 0 

140-1 

lies 

0 

-29 3 

I 

— 

— 

5 

— 



1 



the average oxygen pressure is sbghtly above the Barcroft tonometer 
pressure and the difference is a httle greater m the later babbles, which 
suggests some diffusion of oxygen m from outside (Certam expe^ents 
were spoilt by water from the bath obviously diffusing m along the piston 
which greatly moreases the oxygen pressure ) Ji there is any loss of 
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oxygen omag to metabolism, this is completely masked by the other 
error, and m any case the loss must be shght, smce the efiect of addmg 
fluonde did not make any difference 

We have four experiments, all qmte satisfactory, earned outbebveen 
80 and 101 mm , two with fluonde and two without The average 
difference for and B 2 is extraordmanly small, m each case 0 7mm, 
which suggests that the two errors, if present, neutrahse one another 
With Bg equihbrated after 5jt hours, there is a loss of O 2 and a fall m 
pressure This range is about that of the artenal pressure, and our 
techmque is evidently satisfactory over this range 

Our oxygen results between 126 and 145 mm can be predicted from 
what has already been said Even with fluonde blood there is a great 
falling off m pressure with jBj and Bg The results for are not i e^ 
concordant We tested the effect of the absence and presence of fluon e 
at these pressures The oxygen pressures m the Barcroft tonometer 
was m each case over 140 mm and the fall was certamly more rapid w en 
no fluonde was added, and it was about the same with 0 2 p c fluon 
as with 0 5 p c 

The quantity of blood to be used m the syrmge depends on le s 
of the bubble, and how often it has to be renewed owmg to acciden a 
loss durmg mampulation We used 10 c c of blood for our anayses 
three or four successive bubbles We recommend m future t e use^^^ 
separate samples of 3 or 4 c c blood m equflibration wt a ^ 
bubble each An apparatus with an analyser of small ore as 
advantage of requmng a smaller bubble, and the mampulation 

bubble is easier 0 5 n c 

Fmally, we recommend that the blood should con m 

potassium oxalate and 0 1 p c sodium fluonde and be eq 
8 minutes with 6 c mm air and about 3 c mm octyl a co 0 gj 

that it takes 5 minutes for the 10 c c blood m the syrmge 0 e 
to the bath temperature, after takmg the synnge from t e ice 


IIS 


it has been stored lonnDaratr 

We fully agree with K r o g h that it is essential for the wto I 

to be absolutely clean so that no rmnute drops of hqm found 

on the walls of the capillary after cleamng, but we av e 

the mixture of sidphunc acid and bichromate recommen e 

all effective On the suggestion of Prof C S verted m 

of alcohol and mtnc acid We allowed the analyser to s a 

a beaker contaimng one part of alcohol, the end C o ® “ gntmted 

connected to a water pump Three parts of non-fuming 
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nitnc acid ’srere tlien cautiously added and on the first sign of reaction 
suction rras commenced and the efiexvescing mixture drawn through 
the analyser Owing to the explosive nature of the reaction the whole 
mampulation must he earned out m a fume cupboard The process is 
repeated and the apparatus washed through until no signs of acid 
remam as shown by htmus Lastly the analyser is dried by placmg in 
a hot water oven and drawmg air through it 

Ahttle vasehne may be used to lubricate taps E, L, J and H, but for 
taps A and K which are m the direct course of the bubble, it is best to 
use the blood itself as a lubricant Before cleaning by the above method 
care should be taken to remove all vasehne 

Method of determining the total pressure of gases dissohed in a fluid 
Krogh, workmg on animals with his microtonometer (i), stated that the 
total pressure of gases (0,, N,, CO, aqueous vapour) m blood was some- 
times as much as 120 mm Hg below that of the atmosphere ^Ye have, 
therefore adapted our method to determine the total pressure of gases 
dissolved m the flmds under exammation 

As Krogh pomted out(6), the equahsation of gaseous pressures 
between a bubble of gas and the gas dissohed m a flmd can only be 
complete when the total pressure of gas, i e the sum of the partial 
pressures, is the same m both cases To take a concrete example, suppose 
we try to equihbrate a bubble which consists of 2s, of a partial 
pressure of 600 mm Hg, 0, of 60 mm and CO 2 of 100 mm , 1 e a total 
pressure of 760 mm with a flmd m which the gaseous pressures are 
X, 700 mm , 0^ 60 mm and CO, 100 mm , 1 e a total pressure of 
860 mm or a positive pressure of 100 mm At the beginning the 0, 
and COj are in equihbnum, but the partial pressure of X, m the fluid 
IS greater than that of the bubble, so X, passes out of the flmd mto the 
bubble and consequently its volume mcreases This mcrease of volume 
diminishes the partial pressure of O 2 and COj m it this leads to the 
passage of 0, and COj from flmd to bubble and a further mcrease in 
volume In this way a condition of “sbding equihbnum” is obtamed 
m which the bubble steadily mcreases m volume and the pressure of the 
gases m the flmd is diminis hed If the total pressure of gases in the fluid 
is less than that of the bubble, gas will be absorbed by the fluid and the 
bubble wiU steadily dmunish m size Equahty of total pressure will 
result m no alteration m the size of the bubble 

The apparatus we have described above for measuring the partial 
pressures of gases m flmds, can be very readily apphed to determme the 
total pressure of gas m a given flmd The flmd to be exammed is collected 
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m the syringe over mercury, as already described, the mercuiy is dis 
placed and a small bubble of air, together with a httle octyl alcohol, 
introduced The syrmge is then connected to the analyser and the fluid 
driven along until the capillary and side tube are filled. To the side tube E 
IS connected a length of pressure-tubmg leadmg ma a T-piece to (o) an 
adjustable mercury column, (6) a U-tube mercury manometer This 
enables the contents of the apparatus to be subjected to various total 
pressures recorded by the manometer (Ihg 2) The end of the analyser C 
IS fitted with a short piece of pressure-tubing, a tap L and a length ot 
tubing leadmg out of the equihbratmg bath — this enables the bubble 
to be transferred to the capillary when the side tap Bis closed All the taps 
except L are left open and the mercury column adjusted to atmospheric 
pressure and so the contents of the apparatus, bubble and fluid, are 
under atmospheric pressure The bubble is then equihbrated for 6 or 
8 nunutes and then dnven up to J?, tap E is closed and L opened, an 
the bubble is dnven mto the capillary and measured It is then wi 
drawn mto the syrmge and eqiuhbrated for a further 2 minu^ uu 
agam measured This process is repeated until a senes of rea ^ 
obtamed which gives a clear mdication of the pressure 
gases m the flmd — three readings are usually sufficient If the ^ ® 
steadily increases m volume, the total pressure of gases in the ' 
greater than that m the bubble and the whole system must be su jec 
to an increased pressure , if the bubble shrinks a dimimshe pr 
must be applied, if the volume remains constant the total 
atmosphenc Suppose the volume mcreases steadily, the 
withdrawn mto the syrmge, taps E and L are closed and t e me 
column is adjusted to an mcreased pressure, eg 50 mm g 
pressure selected is decided by the degree of volume change, ^ 
some mdication of the amoimt of pressure to be apphed ap p, 
opened and the bubble eqmhbrated for 2 mmutes under this 
Then the process of measunng is repeated A further increase ^ 
mdicates an insufficient plus pressure and further jo 

higher pressure are required untd a senes of readings is o 
which the volume actually begins to dimmish,^» e ^ 
apphed is greater than necessaiy In this way a brae e 
one pressure bemg too high and one too low The actua ^j,g 

determmed by taking an mtermediate value or by necoti'e 

bracket is not too large A similar procedure is adopted 


pressure if the onginal bubble shnnks 

"When a positive or negative pressure is 


apphed to the apparatus, 
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great care is reqiuied to maintam the piston of the syringe m a constant 
position as its movement alters the volume of the closed system and so 
of the total pressure apphed At first ire relied on manual retention, but 
recently ive have had hght metal screw clamps (made m the Hospital 
Works Dept ) fitted to the piston and barrel of the syringe The piston 
clamp carries a hght metal rod which sbdes m a collar on the barrel 
clamp and can be locked m any position by a set-screw m the collar 
Further, the apphcation of a high negative pressure encourages leakage 
of water from the bath along the side of the piston mto the syrmge To 
overcome this, when the apparatus is assembled, we apply a generous 
coatmg of thick vasehne to the piston at its pomt of entry into the 
barrel 

Theoretically we are contmnally altering the total pressure of the 
gases dissolved m the flmd durmg our efforts in finding it Thus, suppose 
a flmd with a total gas pressure of 860 is equihbrated with a bubble 
760 mm Hg, the total pressure of 860 mm is contmuaUy falling and 
the true total pressure is never obtained Actually the alterations in 
total pressure m the flmd are very slight For example, if there are 
10 c c of blood m the syringe it wdl contam about 4 c c of gas whereas 
the volume of the bubble is 006 c c and the alterations m the size of the 
bubble are about 001 c c This small loss of gas by the blood can make 
no appreciable difference to the total pressure m the blood 

In order to check the accuracy of this method two senes of espen- 
ments have been performed 

(1) To ascertain how closely the manometer readings mdicated the 
actual pressure of the flmds m the syringe, we replaced the piston by 
a one-holed cork carrying a short glass-tube connected by pressure- 
tubmg to a second manometer This recorded the actual pressure m the 
syringe The apparatus was filled with blood as usual and subjected to 
various pressures A comparison of the apphed pressures and those 
recorded m the syrmge showed a very close agreement 

(2) Samples of blood were placed m a Barcroft tonometer and ex- 
posed to atmospheres of vanous pressures The pressures m the tono- 
meters were measured and compared with the results obtamed by the 
above method Table III shows that the pressures obtamed by the 
bubble method are nearly always shghtly below the correct values 
The method described gives reasonably accurate results m the 
determination of the total pressures of gases dissolved m a flmd. Kr ogh(7) 
has shown that small errors (7 mm Hg) m the determination of the 
total pressure do not affect the partial pressure determination of Oo 
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TabIiE in Table of total pressure determinations. 




Pressnre m 

Pressure determined 

Date 

Observer 

Barcroft tonometer 

by "bubble” method 

25 vn 23 

E C W 

- 200 mm Hg 

- 200 mm. H5 

23 1. 24 

E C W 

- 12 

- 20 

30 1. 24 

E C W 

-110 

-120 

12 in 24 

E C W 

- 94 

-100 

12 ui 24 

W R S 

- 57 

- 68 


W R. S 

- 60 

- 06 

19 ui 24 

W R S 

+ 11 

± 0 



+ 68 

+ 63 

3 V 24 

W R S 

+ 8 

± 0 

4 VI 26 

W R S 

+ 45 

+ 38 


W R S 

+ 60 

+ 24 

10 VI 25 

W R S 

+ 62 

+ 46 


and CO 2 to any considerable extent Larger errors (40 mm Hg) may 
give nse to an error of 4 p c m the 0^ determination The errors of our 
method are of the first order and do not offer any serious bar to the 
subsequent determmation of the partial pressures 

Conclusions 

A “bubble” apparatus for determining the total pressure and the 
partial pressures of Oj and CO 2 and Nj m physiological flmds is descnbed, 
•with experiments sho'wmg the extent of its accuracy 

This irork ■was begun dunng the tenure by one of us (E P P ) of a Beit Eesearch 
Fellowship We should like to thank the Medical Kesearch Conned for financial asjutance 
and the Royal Society for defraying the expenses of apparatus through a Govemaien 
Grant 
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A METHOD FOR THE STUDY OF THE PERFUSED 
PANCREAS BtB P. BABKI!s a>-d E H. STABLING 


(From the Deportmenf of Physiology and Biochemi^fry 
University College London ) 

The activitT of tLe pancreas is extremelv susceptible to tbe conditions 
of its blood snpplv It seemed to ns of advantage to be able to have this 
factor nnder the control of the erpenmenter, and ve have therefore 
devised methods for the perfusion of the pancreas bv means of a hf^art- 
limg preparatiom The rvo foUovnng methods have been employed 
1 Perfusion of the isotatt^d pancreas and ditodennm The pancreas of 
a dog receives artenal blood from three sources (r Fig 1) (a) a branch of 


Aorta 



the ^lemc arte^ passes mto the tail of the gland, (b) the bodv of the 
gland receives blood from the pancreatico-duodenal artery, -R-hich is 
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a branch of the hepatic branch of the ooshac asis, (c) the head of the 
gland IS fed by a branch of the superior mesenteric arteiy 

In a dog under morphia and chloralose the first and third arteries 
are hgatured a T-shaped c-annula provided with a thennonieter is m 
sorted into the pancreaferco-duodenal artery By this caninda part of 
the arterial blood from the brachio-cephahc artery of the heart lung 
preparatioii is allowed to flow into the arterial vessels of the pancrea* 
The panoreatico-duodenal vein or the porta] vem is out A cannula is 
also introduced into the mam pancreatic duct Into both ends of the 
duodenum cannulee are mseirted, and the pancreas, together with the 
duodenum, is removed from the body, placed m a warm funnel, and the 
circulation is established The blood flowing out of the pancreaa drops 
from the funnel and is restored at intervals to the venous reservoir Bj 
this method only the middle portion of the pancreas is kept ahve It 
retains a normal pink colour to the end of the experiment, lasting three 
hours The preparation shows a very slow spontaneous secretion, 

Sxp 1 Temperature of artenal blood = 37® C. Blood pres3nre = 120 mm Hg Secrelwn 
noted erai 7 2 minutes in tie diviaions of a graduated tube Time of eollcotion of 10 cc 
of venous blood from the gland la seconds Jntestmal jmee moo 


Pancreatic 

Venoua 


luice 

outfloa 


3 

0 


4 

G 


3 

516 

5 c c. secretin added to blood in reservoir 

2 

0 


3 

6 


10 

5 


13 

45 


10 

4 25 


9 

5 


0 

4 

G 

7 

5 3 cc inteefmaJ juice secreted m 16 mmutcR 

6 

7 


4 

75 


2 

9 

10 c c of 10 p 0 sodium bicarbonate added to blood 

3 

9 

2 

8 


3 

0 75 


2 

<j 

6 c c. secretin added to blood 

3 

5 75 


13 

5 25 


14 

5 


11 

5 


S 

5 


7 

6 

5 

G 

11 c c intestinal juice in 2S minutes 

4 

S 


4 

8 
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depending probably on tbe action of tbe cbloralose The addition of 
secretin to the blood m the venous reservoir gradually increases the rate 
of secretion as well as the blood how from the gland This is seen in the 
above experiment 

The pancreatic juice collected during the experiment (1 8 c c ) 
contained traces of blood it was fully active and digested fresh fibrm 
m 2| to 3 mmutes, both in the absence and m the presence of mtestmal 
jmce The perfused part of the duodenum is very active It shows 
vigorous movements "and secretes a viscid fluid which contains a great 
quantity of blood. 

2 Perfusion of the pancreas m situ In this case the perfusion of the 
pancreas with the artenal blood of the heart-lung preparation proceeds 
through the thoracic aorta (although it can be performed, as in the first 
case, through the pancreatico-duodenal artery) The abdommal aorta is 
hgatured below the coehac artery The followmg artenes are hgatured 
(see Fig 1) leftcoTonaTy,splemc, all the hepatic branches of the hepatic, 
right coronary and nght gastro-epiploic, infcnor pancreatico-duodenal 
artery The venous blood from the gland is collected from the peri- 
pheral end of the portal vem The cannula inserted into the portal vem 
IS connected by means of rubber tubing with the venous reservoir of 
the heart-lung preparation As an example we quote the following 
experiment 


Exp 2 Both vagi cut in the ueck ol a dog the pancreas of which is perfused. Tern 
perature of the artenal blood entering the aorta = 37 5-38° C Blood pressure =110- 
120 mm, Hg The secretion of pancreatic jmce before the administration of secretm was 
noted every 6 mmutes, after that every 2 mmntes Tune of collection of 10 o.c of venous 
blood from the gland m seconds 


Pancreatic juice 6 

I0c.c blood out- 
flovr m seconds 20 


0 G 8* 13 4 3 4 4 5ccof2 

secretin 

20 20 — >0 — — 18 15 ^ 11 

* Both splanchmcs cut in the chest 


17 44 etc. 


— 9 etc 


SrrvuiABy 

Methods are described for the perfusion of the isolated pancreas of 
a dog and the pancreas m situ with the blood of a heart-lung preparation. 


PH LXI 


17 



THE NORMAL COj- AND Oj-TENSIONS IN THE 
TISSUES OF VARIOUS ANIMALS 
By J ARGYLL CAMPBELL 

(From the National Institute foi Medical Research, Hampstead ) 

Some results of observations on normal CO2- and 02-tensions m certam 
tissues of the rabbit and the cat were published about a year ago(i), 
the method used was mjection of gas, usually mtrogen, mto the abdominal 
cavity and imder the skin, the tensions being estimated after eqnibbnnm 
had been established with the O2 and CO2 m the surrounding tissue 
spaces and flmds The tensions obtamed were considered to be those 
existing immediately outside the cell waU Owmg to the injection of the 
gas causmg a temporary hypersemia, the true O2- and C02-tensions were 
not obtamed for a few days, m other words, until the hyperffinua ha 
passed off Results of further and more extensive observations 
rabbits, cats, and from vanous other animals, usmg the same met > 
are recorded here We shall deal first of all with homoiothennous an^a ^ 
Rabbits The average results for rabbits are arranged, m Ta e , 
m two senes, namely A and B In senes A are given the r s o 
simultaneous estimations for the tensions under the skm an m 
abdommal cavity In senes B the tensions under the skin ° ^ ^ 
studied In both senes the average COg-tension under the s ^ 
49 mm Hg In senes A the average CO_>-tension m the a oim^ 
cavity was 47 It has recently been shown (2) that these figures 


Table I Normal tissue tensions (homoiothermous animals) 

Tensions under skin Tensions m abdoimnnl 
(mm Hg) 


cavity (mm Hg) 


Animals 

No of 
obs 

CO 

— 

0, 

47 rabbits (A) 

160 

49 

24 

28 rabbits (B) 

115 

49 

22 

4 cats 

23 

42 

23 

2 cats 

12 

43 

20 

3 rats 

3 

62 

22 

3 rats 

12 

63 

20 

3 gumes-pigs 

3 

60 

20 

19 

4 gumea pigs 

9 

48 

2 hedgehogs 

6 

61 

27 

2 fowls 

10 

40 

25 

2 monkeys 

14 

49 

40 


CO 

47 

41 

62 

60 


49 


Oj 

37 

29 

33 

2S 


40 
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tension m the tissues ivere very much higher than those for the arterial 
CO^-tension which was usnallj- about 35 mm. Hg 

The COa-tension remained remarkably constant m any one animal 
from day to day, perhaps now nsing, now falling a few milhmeters, but 
remainmg almost a straight hue over weeks and months, as pomted out 
previously (1) There were, however, fairly marked differences between 
different animals as regards their tissue COj-tensions, and I have, there- 
fore, arranged the observations to show their percentage distribution 
withm limits of 5 mm Hg 

COi tension under skin percentage distribution. 


Below 40 

40-45 

40-50 

ol—oo 

56-60 

mm. Hg 

mm 

mm 

TTITTL 

mm 

115 obs withrabbita 1 p c 

12pc 

43 p c 

35 p c 

9 p c 

160 , 2 p c 

29 p c 

44pc 

24 p c 

1 p c 

CO, tension m abdommal cavity 

percentage distribution. 


150 obs withrabbits 2pc 

33 pc 

46 p c 

17 p c 

2pc 


It Will be seen that m the greatest number of observations, i e about 
45 p c , the COg-tenaon was between 46-50 mm Hg The wide differ- 
ences between some of the annuals were most likely due to differences 
m circulation, m condition of the tissues, and m sensitintv of the 
respiratory centre to COg 

As with the COj-tension, the Og-tension in any one rabbit remamed 
remarkably constant over long periods of tune The average Oj-tension 
under the skm was about 23 mm Hg (see Table I), whdst that m the 
abdominal cavity was about 13 mm higher, bemg 37 totti Hg This was 
probably due to the better eneulation m the abdommal cavity , yet the 
COg-tension was only 2 mm Hg lower m the abdommal cavity than under 
the skm There ate other factors besides circulation which might affect 
the Oj-tensions, such as local metabolism and reaction of the tissue 
a more acid tissue would accelerate the hberation of Oj from ovyhffimo- 
glohm, a higher rate of metahohsm would lower the Og-teusion, etc 
The Oj-tensions m different rabbits exhibited fairly wide vanations, 
as shown below 


Oi tenaou under skm percentage distribution. 
Below 10 11-15 10-20 21-5.S Ofuen 


11-15 

10-20 

21-25 

20-30 

31-35 

tnnL, 

mm 

mm. 

mm. 

nun. 

Spo. 

23 p c. 

42pc. 

21 pc 

6 p c 

3p c. 

28 p.o. 

34pc. 

28p e. 

7p c. 


O, tension m abdommal cavity, percentage distribution. 

25-^ 31-35 38-40 41-45 

mm. Hg mm. mm. mm. 

3 p c 27 p c 41 p c. 23 p-c. 


48-50 
mm. 
6p c 

17—2 


150 obs with rabbits 
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It will te observed that under the skin the 02 -ten 8 ion most frequently 
registered was between 21-26 mm Hg, whilst in the abdominal cavity 
the figure most frequently observed m different ammals lay between 
36-40 nun Hg 

It IS not hkely that the very low figures imder the skm, that is, below 
15 mm Hg, were from normal animals Probably there was some cucn 
latory defect In any case, such figures were rarely observed, m fact in 
only three animals On rare occasions m rabbits the Oj-tension under 
the skm approximated fairly closely to the Oj-tension m the abdominal 


cavity 

Cats As with rabbits the average COj-tension under the skm was 
very simil ar to that m the abdommal cavity, the figures being 42 and 
41 mm Hg respectively These figures were considerably lower than the 
average obtained for COj-tensions m rabbits though no veiy decisive 
conclusion can be drawn, smce only 36 observations were made wit 


With regard to the Oj-tensions under the skm, the cat and t e 
rabbit resembled one another fairly closely both m respect to t e 
average tensions and the limits observed The average 02 -tenBion in a 
abdominal cavity of the cat was distinctly higher than that ® 
skm, but not so high as m the case of the rabbit, the average gm®® 


bemg 29 and 37 mm Hg respectively 

Eats and gmnea-jngs Fifteen observataons were earned out m ra 

and 12 with gumea-pigs, the results showmg qmte a fair resem ance ^ 
those already given for rabbits The averages for OOj-tensio^ va 
between 48-66 mm Hg The average Oj-tensions for the skm o ra 
guinea-pigs were 23 and 20 mm Hg respectively, the 
the abdommal cavity were distmctly higher, bemg 33 mm g 
and 28 mm Hg for gumea-pigs In these ammals only small 
of gas were mjected and the tensions estimated m 1 or 2 c c o ^ 

Hedgehog and domestic fowl Some observations were 'oncklcs 

these ammals, the tensions under the skm bemg studied e p 
of the hedgehog were out short over a small area of the s o ^ 

The tensions were much the same as those given aheady or 
rabbits, etc The hedgehog was feedmg well and not m hi erna 
average COj-tension for the hedgehog was 61 mm ag, i s 2 ^^ 

27 mm Hg The fowl gave on an average 46 mm Hg or 
tension and 26 mm Hg for the Oj-tension 

Monkey and man Two monkeys (Macacus rhesus) , 
observation for over sis weeks The average COa-tension un 
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was 49 mm Hg and that m the abdominal cavity was the same, the 
total number of observations being 14 It ls interesting to note that thr 
tissue CO^-tension in monkeys was similar to that in rabbits The 
monkeys were fed mainly on a "v egetablc and fruit diet 

The average O^-tension in the abdominal cavity of the monl ej was 
40 mm Hg, that 13 , 3 mm higher than that for rabbits The O^-tension 
under the skin of the monkey was ah>o 40 mm Hg It would ^eem, 
therefore, that there was a much better Oj-supply fox the skin of th( 
monkey than for any of the other warm-blooded ammals tested 

It was of mterest to make emulat determinations in man, and I have 
injected gas nnder the skm of the back of ray own arm and that of 
another subject The gas was rapidly dispersed owing to movement, 
consequently I studied chiefly the CO^-tensions a few hours after the 
mjection These are about the same as the alveolar — i e the artenal — 
CO^-tension, probably on account of the hj^ieraimia earned by the in- 
jection of the gas In myself I followed aho the Ojj-tension changes on 
one occasion for 48 hours and found that 24 hours after the injection 
of pure ISj the Oj-ten?ion was 61 mm Hg, in the ne^t 24 hours it had 
fallen to 43 mm These were similar to the fi^gnres for Oj-tension following 
the injection of Nj in monkeys, so that perhapi the figures given above 
for the normal and constant O^-tensions of monkeys might do for man 
also Further observations on man ate contemplated He^ults “hould 
easily be obtained if the part of the subject injected ls kept still, for 
“everal days, to prevent rapid dispersion of the gas 

Foil iloifuirmous animals Some results were obtained from frogs, 
toads, snakes and a tortoise Only a few c c of gas could be mjected, 
the amount depending upon the size of the animal Even if only a 
few c c were injected, sufficient remamed up to siz or “even rlaj a for 
analysis with fair accuracy In even J c c , by mixture with mtrogen in 
the Haldane analyser, the COj and Oj contents were obtained within 
about 10 p c error, as a rule 1-2 c c were analysed There was little 
difficulty m injecting the ga® through a very fine neeflle, and care wa-" 
taken to avoid stretching the skin tightly, m fact the gas spread out 
caulj under the skin The difficulty was to get the ga“ out again , all the 
animals were under ob'ervation for “everal weeks and no sample wa“ 
withdrawn before five daj s after an injection 

Twds (Eufo vTiIg ) and/rojf* (Rana temp ) Four toad“ were u^ed in 
t e first e-^ienment v^hich va“ commenced m feeyiternber, 1924 Thev 
were placed on rnowt leaver in a room at 17' C and kept there for three 
weel s Then thej were jilaced in a warmer room at 23'' 0 for two weeks^ 
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It will be observed that under the skin the Og-tension most frequently 
registered was between 21-26 mm Hg, whilst in the abdommal cavity 
the figure most frequently observed m different animals lay between 
36-40 mm Hg 

It IS not hkely that the very low figures under the skm, that is, below 
16 mm Hg, were from normal animals Probably there was some circu 
latory defect In any case, such figures were rarely observed, m fact m 
only three ammals On rare occasions m rabbits the O^-tension under 
the skm approximated fairly closely to the 02-ten8ion m the abdommal 
cavity 

Gats As with rabbits the average COg-tension under the skm was 
very similar to that m the abdommal cavity, the figures bemg 42 and 
41 mm Hg respectively These figures were considerably lower than the 
average obtamed for C02-ten8ions m rabbits though no very decisive 
conclusion can be drawn, smce only 35 observations were made with 
cats 

With regard to the Oj-tensions under the skm, the cat and the 
rabbit resembled one another fairly closely both m respect to the 
average tensions and the hmits observed The average 02'teiision m the 
abdommal cavity of the cat was distmctly higher than that under the 
skm, but not so high as m the case of the rabbit, the average figures 


bemg 29 and 37 mm Hg respectively 

iZots and guinea-ptgs Fifteen observations were earned out with rats 
and 12 with gumea-pigs, the results showmg qmte a fair resemblance to 
those already given for rabbits The averages for C02-tensions vane 
between 48-66 mm Hg The average Oj-tensions for the skm of rats and 
gmnea-pigs were 23 and 20 mm Hg respectively , the 02-tensions m 
the abdommal cavity were distmctly higher, bemg 33 mm Hg or ra s 
and 28 mm Hg for gumea-pigs In these animals only smaU quantities 
of gas were mjected and the tensions estimated m 1 or 2 c c o gas 
Hedgehog and domestic fowl Some observations were came ou 
these ammals, the tensions under the skm bemg studied T e prm 
of the hedgehog were cut short over a small area of the skm o i 
The tensions were much the same as those given already for t e s 
rabbits, etc The hedgehog was feedmg well and not in hibema 
average COg-tension for the hedgehog was 51 mm i s 
27 mm Hg The fowl gave on an average 46 mm Hg or 2 


tension and 26 mm Hg for the Oj-tension , 

Monheg and man Two monkeys (Macacus rhesus) 
observation for over six weeks The average C02-tension un 
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was 49 mm Hg aad that m the abdommal cavity was the same, the 
total mimbei of observations bemg 14 It is mterestmg to note that the 
tissue GOa-tension m monkeys was similar to that in rabbits The 
monkeys were fed mainly on a vegetable and frmt diet 

The average Oj-tension in the abdominal cavity of the monkey was 
40 in-m Hg, that IS, 3 mm higher than that for rabbits The Oj-tension 
under the skm of the monkey was also 40 mm Hg It would seem, 
therefore, that there was a much better O^-supply for the skm of the 
monkey than for any of the other warm-blooded animals tested 

It was of mterest to make similar determmations m man, and I have 
mjected gas under the skm of the back of my own arm and that of 
another subject The gas was rapidly dispersed owing to movement, 
consequently I studied chiefly the COj-tensions a few hours after the 
mjection These are about the same as the alveolar — i e the arterial — 
COj-tension, probably on account of the hyperierQia caused by the m- 
jection of the gas In myself I followed also the Oj-tension changes on 
one occasion for 48 hours and found that 24 hours after the injection 
of pure Nj the Oj-tension was 61 mm Hg, m the next 24 hours it had 
fallen to 43 mm These were similar to the figures for Oj-tension f oUowmg 
the mjection of No m monkeys, so that perhaps the figures given above 
for the normal and constant Og-tensions of monkeys might do for man 
also Further observations on man are contemplated Hesults should 
easily be obtamed if the part of the subject mjected is kept still, for 
several days, to prevent rapid dispersion of the gas 

PoiMlothermous ammah Some results were obtamed from frogs, 
toads, snakes and a tortoise Only a few c c of gas could be mjected, 
the amount depending upon the size of the animal Even if only a 
few c c were mjected, sufficient remamed up to six or seven days for 
analysis with fair accuracy In even J c c , by mixture with mtrogen m 
the Haldane analyser, the COj and Oj contents were obtamed withm 
about 10 p c error, as a rule 1-2 c c were analysed There was httle 
difficulty m mjectmg the gas through a very fine needle, and care was 
taken to avoid stretchmg the skm tightly, m fact the gas spread out 
easily under the skm The difficulty was to get the gas out again, aU. the 
ammals were under observation for several weeks and no sample was 
withdrawn before five days after an mjection 

Toads (Bufo vulg ) and frogs (Rana temp ) Four toads were used m 
the first expenment which was commenced m September, 1924 They 
were placed on moist leaves in a room at 17° C and kept there for three 
weeks Then they were placed m a warmer room at 23° C for two weeks, 
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and lastly they were exposed in a cold room to 3° C for three weeks 
The results for COj- and 02-tension8 are given in Table it 

Table II Toads Tensions under akin in mm. Hg 


COj 0, 

. 


Animal 

' 3°C 

17° a 

23° c' 

Vc 

17° C 

23° C 

1 

5 

11 

14 

101 

28 

44 

2 

3 

10 

14 

98 

78 

68 

3 

3 

17 

14 

108 

43 

77 

4 

4 

13 

15 

96 

66 

— 

Average 

4 

12 

14 

100 

49 

63 


There is a striking increase in COg-tension with nse of temperature 
and a marked decrease m Og-tension, possibly due to a higher 
metabolism Toads and frogs use the skm as a respiratory organ 
Krogh(3) has shown that they often breathe more through then skm 
than by their lungs The high figures obtamed for O 2 -tension are prob 
ably explamed by skm respiration It was of interest, therefore, to study 
also the tensions m the abdo min al cavity of the frog or toad Toads were 
found to be unsatisfactory because when handled they filled up their 
abdo min al cavity With their lungs and it was not possible to mject gas 
into them m the usual way Frogs {Rana tempoi ana), therefore, were 
employed and a few c c of N 2 were injected carefully The average 
COg-tension m the abdommal cavity was 14 mm Hg at 17° C , that is, 
similar to the tension under its oivn skm and also to that given in 
Table 11 for the skm of toads The average Oa-tension m the abdommal 
cavity of the frog was 28 mm Hg, whilst that imder its skin was 
48 mm Hg 

Recently Wastl and SeliSkar(4) studied the C02-ten3ion in e 
mixed blood of the bull frog (Rana catesbiana) by an indirect method an 
calculated approximately that the artenal COg-tension was 22 mm g 
and the venous about 29 mm These are higher than the figures a\e 
obtamed My frogs were not anaesthetised, whereas their frogs were 
narcotised with 25 p c urethane I found that urethane often cau 
a marked nse of C 02 -tension m rabbits (i) It is doubtful, there 0 , 
whether the figures obtained by Wastl and Seli§kar may e con 
sidered to hold for normal unanaesthetised frogs f i C 

Observations were made also on three toads hvmg m water a 
for three weeks The average COg-tension under the skm was 7 mm S’ 
w'hdst the Og-tension was 67 mm Hg, that is, the COj-tension 
to be lowered whilst hvmg m water, whilst the Og-tension was 
altered matenally 
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The frogs and toads -^ere not fed dvmng the abo^ e experiments 
Snales (Coluber flavescens, S fesculapu) Two snakes were under 
observation (unfed) for six weeks at 15° C durmg November and 
December, 1924 Five estimations gave very constant results for each 
(see Table III) Only a few c c of X, were injected under the skm 

Table HI 

Tensions under skin 
(mm Hg) 


Animal 

Tem|>. of oir 

AO of 
obs. 

' CO. 

Ot 

Snake (1) 

15 

5 

21 

24 

Snake (2) 

15 

5 

20 

32 

Tortoise 

16 

2 

23 

20 


Tortoise A tortoise gave results very similar to those for one of the 
snakes The tortoise was feedmg all the tune A few c c of No were 
injected under the skm of a leg and left there for over a week 


SmniABY 

In all the cold-blooded animals — ^toad, frog, snake, tortoise — ^the 
COo-tensions m the tissues (at room temperature) were much lower than 
those for warm-blooded animals — rabbit, cat, rat, gumea-pig, fowl, 
hedgehog, monkey — the averages for the former varying from 14 mm 
to 23 mm Hg, and for the latter from about 40 to 60 mm Hg The 
average Oa-tensions under the skm were very much the same (20- 
30 mm Hg) for the warm-blooded and the cold-blooded animals with 
the exception of the monkey, the frog and toad , m the monkey the Oj- 
tension under the skm was about 40 mm Hg and m the frog or toad 
about 60-60 mm Hg at room temperature 

Observations on tenaons m the abdominal cavity were few with 
cold-blooded ammals "With warm-blooded animals the COa-tensions 
were much the same as those under the skm, that is 40-60 mm Hg The 
Oo-tensions were about 30-40 mm Hg m the abdommal cavity, ^at is 
about 10 mm higher than under the skm, m the case of the monkey, 
the same figure was obtamed for the skm and the abdommal cavity, 
namely 40 mm Hg 

The hunts I have obtamed by the above duect method, for C0„- 
tensions m the different warm-blooded animals are somewhat similar 
to those pienously obtamed (by other observers) for certam animals 
by less direct methods, eg analyses of venous blood and tissue 
fluids a, 5, G) It would appear that the 0,-teasion m the tissues outside 
the capillary wall is not ml, as often stated, but usually about 20- 
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40 mm Hg, thus agreeing with the results obtamed by Verzar(7) for 
some organs of ansesthetised cats No aneesthetics were employed m 
my observations 
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AN ANALYSIS OF THE INITIAL HEAT PRODUCTION 
IN THE VOLUNTARY MUSCLE OF THE TORTOISE 
By YT HARTREE^ 

[From the Physiological Laboratory Cambridge ) 

The chief difficultr m the accurate analvsis of the heat production of 
an isolated voluntary muscle is the extreme quickness with which events 
occur It IS possible, to some degree, to overcome this dif&cultv bv 
improvements m the instruments used for recotdmg the nse of tem- 
perature as discussed m a recent paper (i) A simpler method is, if 
possible, to utilise the muscles of an ammal whose movements are 
naturally slower than those of the frog the chief ammal hitherto em- 
ployed m such mvestigations The slowest movmg of all animals readilv 
available m this country is the tortoise and the following mvestigation 
has been concerned with the biceps cruns of that animaL 

The speed of contraction m the muscles of frogs m good condition 
IS always approximatelv the same In tortoises however the speed 
vanes largely from one mdividual to another Possiblv these difierences 
may he connected with the hibernating habits of this ammal possibly 
they may be due to the great vanations m age of the mdividuals employed 
In the slowest twitch hitherto encountered relaxation was not complete 
for 30 or more seconds 10 seconds at least were required for the tension 
to fall to half its maximum value This was at 13' C at 0' C the con- 
traction would have occurred several tunes slower stilL The arnTnal from 
which this particular record was obtamed was m excellent condition 
Perhaps because of the verv slowness of its mdividual muscle twitch 
It was able to mamtam a contraction with great economv The biceps 
cruns used throughout this investigation (see Bojanusp)) m the 
ordmarv size of tortoise obtainable m this countrv, is usually about 
5 cm, long and averages m weight 400 mgnn. It is of two to three tunes 
the cross-sectional area of a smgle frog s sartonus and verv uniform 
throughout its length. This uniformitv of section is essential for experi- 
ments m which a control deflection must be made bv electrical heating 
of the dead muscle, smce otherwise the latter wlU not be umformlv 

' Workmg for the Medical Pesearch CoanciL 
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heated by the 'warnuiig cuirent A single muscle only has been eni 
ployed, and not a double one as in the case of the frog’s sartonus pre 
paration The rise of temperature m a contraction of this muscle is not 
as great, under similar circumstances, as m the much more qmckl} 
responding frog’s muscle Ample sensitivity, however, is available m 
the myothermic instruments, and the rather smaller amount of heat is 
no very great disadvantage (see, however, below) Altogether the muscle 
is admirably smted for myothermic expenments In most cases the 
quickness of response was much greater than m the one described above, 
but stdl much less than m that of a frog’s muscle In general we may say 
that what happens to a frog’s muscle m 1 second occurs m a tortoise’s 
muscle m a time of the order of 16 seconds This enormously simplifies 
and improves the accuracy of the analysis 

With the apparatus already described (i) experiments were made 
to deternune the course of the evolution of heat at three difierent 
temperatures, 6°, 10° and 16° C It was foimd impossible to perform 
satisfactory expenments at 0° C Eight reliable analyses were obtained 
at 5° C , with times of stimulation 0, 0, 0, 0, 0 1, 0 1, 0 2, 0 1 second 
respectively, 0 standmg for a single shock Seven rehable analyses were 
obtamed at 10° C with times of stimulation 0, 0, 0, 0, 0 06, 0 1 and 0 2 
second, eight at 16° C with tunes 0, 0, 0, 0, 0, 0 04, 0 06 and 0 10 second 
The course of the evolution of heat is shown m Eig 1 as the average of 
the several experiments performed at each temperature For com 
panson the isometnc tension curves at the three temperatiues also are 
shown, averaged for the several expenments at each temperature by 
adding all the tensions (usmg percentage of maximum m each case) 
m the several curves at each quarter of a second and re-plottmg The 
expenments were aU performed between March and May, this may be 
of importance smce the condition of tortoises vanes considerably during 
the year 

The heat rate curves of Fig 1 are plotted to a scale m which the tola 
imtial heat production [t e the total production of heat during the con 
traction and relaxation as distmgmshed from the “recovery heat pro 
duction” following relaxation) is denoted by umty The imtial heat rate 
IS very high and lasts only for a verv short time The tension curves 
shown by broken hues are plotted to an arbitrary scale with umty as a 
maximum 

The most stnkmg fact which emerges from these analyses is 
m which the heat is spht up mto two completely distmct phases ere 
IS a large initial outburst of heat occumng in the first 0 2 second or e.- 
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after the stimiilus, foUowed by ^hat appears m the analysis to be a gap 
dnimg \vhich practicaUy no heat appears at all, and then foUoired by 



Fig. 1 Full Ime analysis o{ heat prodnction m tmtch, or very short tetanns, for com 
panson mth broken hne, mechamcal response. Honzontallv time m seconds. Ter 
ticahv rate of heat production, or tension in isometric contracbon. X B The rant 
of heat-rate is the total imtial heat per sec. The rant of tension is arbitrarv m each case 


a prolonged evolution of heat ■which continues as long as any tension is 
exerted by the muscle In the analysis there is a sharp distinction 
between the two separate stages of the heat production, and it is possible 
to divide up the total heat m the mitial stages of contraction qmte 
definitely mto its two separate parts At 15° C the mitial outburst of 
heat averages, m 11 separate sets of observa'hons (mcludmg the eight 
most rehable experiments referred to above), for the case of a smgle 
shock or of a stimulus lastmg not more than 0 2 second, about 49 p c 
of the total mitial heat The probable error of this mean value, calculated 
m the usual 'way, is about 2 p c At 10° C a sunilar senes of 'ten sets of 
observations gave an mitial outburst equal to 44 p c of the total imtial 
heat, agam -with a probable error of the mean of about 2 p c At 5° C 
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heated by the warming current A single muscle only has been em 
ployed, and not a double one as in the case of the frog’s sartonus pre- 
paration The nee of temperature m a contraction of this muscle is not 
as great, under similar circumstances, as m the much more quickly 
respondmg frog’s muscle Ample sensitivity, however, is available m 
the myothemnc instruments, and the rather smaller amount of heat is 
no very great disadvantage (see, however, below) Altogether the muscle 
is admirably smted for myothemnc experiments In most cases the 
quickness of response was much greater than m the one described above, 
but stall much less than m that of a frog’s muscle In general we may say 
that what happens to a frog’s muscle m 1 second occurs m a tortoise’s 
muscle in a time of the order of 16 seconds This enormously simplihes 
and improves the accuracy of the analysis 

With the apparatus already described (i) experiments were made 
to determine the course of the evolution of heat at three chfEerent 
temperatures, 5°, 10° and 16° C It was found impossible to perform 
satisfactory expenments at 0° C Eight rehable analyses were obtamed 
at 5° C , with tunes of stimulation 0, 0, 0, 0, 0 1, 0 1, 0 2, 0 1 second 
respectively, 0 standmg for a smgle shock Seven rehable analyses were 
obtamed at 10° C with times of stimulation 0, 0, 0, 0, 0 05, 0 1 and 0 2 
second, eight at 15° C with times 0, 0, 0, 0, 0, 0 01, 0 06 and 0 10 second 
The course of the evolution of heat is shown m Ihg 1 as the average of 
the several experiments performed at each temperature For com 
panson the isometnc tension curves at the three temperatures also are 
shown, averaged for the several expenments at each temperature by 
addmg all the tensions (using percentage of maximum m each case) 
in the several curves at each quarter of a second and re-plottmg The 
expenments were all performed between March and May, this may he 
of importance smce the condition of tortoises vanes considerably during 
the year 

The beat rate curves of Fig 1 are plotted to a scale in which the lota 
imtaal heat production (i e the total production of heat dunng the con 
traction and relaxation as distmgiushed from the “recovery beat pro 
dnction ” foUowmg relaxation) is denoted by umty The initial heat rate 
IB very high and lasts only for a verv short time The tension curves 
shown by broken hues are plotted to an arbitrary scale with umty as a 
maximum 

The most staking fact which emerges from these analyses is t 
m which the heat is spht up mto two completely distmct phases ere 
IS a large uutial outburst of heat occumng in the first 0 2 secon or e 
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after the Btumilus, followed by what appears m the analysis to be a gap, 
during which practically no heat appears at all, and then followed by 



Fig 1 Full bne analysis o£ heat prodnction in tmtch, or very short tetanua, for com 
panson inth broken Ime, meehamcal response Horizontally tune m seconds, Ver 
tioaHy rate of heat production, or tension in isometne contraotion, N B The unit 
of heat-rate is the total initial heat per sec The unit of tension is arbitrary m each case 

a prolonged evolution of heat which continues as long as any tension is 
exerted by the muscle In the analysis there is a sharp distmction 
between the two separate stages of the heat production, and it is possible 
to divide up the total heat m the initial stages of contraction quite 
definitely mto its two separate parts At 15° C the initial outburst of 
heat averages, in 14 separate sets of observations (mcluding the eight 
most reliable expenments referred to above), for the case of a smgle 
shock or of a stimulus lastmg not more than 0 2 second, about 49 p c 
of the total initial heat The probable error of this mean value, calculated 
m the usual way, is about 2 p c At 10° G a sunilar senes of ten sets of 
observations gave an mitial outburst equal to 44 p c of the total imtial 
heat, again with a probable error of the mean of about 2 p c At 6° C 
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a similar senes of ten sets of observations, with stimuh of not more than 
0 4 second duration, gave an average value for the initial outburst equal 
to 39 p c of the total uutial heat, this tune with a probable error of the 
mean of 2 6 p c It may be significant that the outburst of heat is rather 
a smaller fraction of the total mitial heat at the lower temperature This 
may, however, be due to chance, and with the number of experiments 
performed and their probable errors it is not possible to make any final 
statement on that pomt It would seem certam, however, that m the 
contraction of a tortoise’s muscle, m response to a smgle shock or to a 
very short tetanus, there is an initial outburst of heat completed m 
the first 0 1 or 0 2 second, which is about half the total initial heat 
production and occurs more rapidly at a higher temperature 

If the stimulus be of longer duration this mitial outburst of heat is 
less clearly defined, and naturally forms a smaller fraction of the total 
mitial heat In many cases an analysis was earned out also of the heat 
production durmg a prolonged tetamc stimulus Such analyses, howerer, 
led to no results of stnkmg mterest and need not be discussed here It is 
sufficient to say that durmg the prolonged maintenance of tension there 
IS a prolonged production of heat, and that during relaxation there is, 
as was to be expected, a contmuous hberation of heat gradually dymg 
away, as m the relaxation after a shorter stimulus 

After the mitial outburst of heat is over the slower heat production, 
which previously was associated with relaxation (S), gradually works up 
to a maximum which occurs at each temperature at the moment when 
the tension is fallmg most rapidly It then slowly decays ns relaxation 
proceeds In a general way, after relaxation has well commenced, the 
falling off of the tension runs parallel to the fallmg off of the rate of heat 


production 

It IS tempting to discuss the chemical meanmg of these two separate 
phases of the contraction One would naturally tend to associate t e 
sudden imtial outburst of heat with the sudden formation of lactic acu 
from its precursor immediately followmg the apphcatiou of a stim u- 
At 15° C at least a large part of this imtial outburst occurs before t le 
tension has risen appreciably If we can imagine the reaction hberatnic 
lactic acid to be able to occur only dunng a short interval foUovinp^^^ 
stimulus, for example, during a change of permeability associate ^ 
the presence of the action current, then we can understand the sue cn^ 
ness of this mitial outburst of heat Expressing the matter in terms^^ 
lactic acid after the acid has been produced it must do two t 
firstly react with the substance of the muscle, for example with ame 
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liqmd ciTstal 5 ( 4 ) so as to cause the mechanical response, and then 
secondlv be neutralised by the alkahes of the muscle substance. The 
process of reacting mth the receptire matenal of the fibres or fibnls 
-may be accompamed by a heat production ■which one ivould na'turally 
place in the initial outburst The neutraksation of the acid would in- 
evitably be associated with a production of heat and this together with 
the dissipation of the mechanical energy m rdaration we appear to find 
m the second phase shown m Fig 1 

In order to present the evidence more clearly and to give some idea 
of the magnitude of the errors attached to experiments and analyses 
such as these, an experiment is descnbed m detail m the Appendix. In 
the mdi'vidual experiments the same type of result is found as in the 
mean curve obtamed by averagmg a number of them. The errors attached 
to these observations axe, as a matter of fact, rather larger than had been 
hoped. This is due m part to the fact that m the contractions provoked 
bv short s timuli or by smgle shocks the heat production is less than m 
a frog’s muscle, being only a few thousandths of 1° C , so that the m- 
struments mnst be made more sensitive le^ qmckly reacting, and 
therefore mote subject to error 

tVith ths thermopile emplored, yiich reacts rerv qmctly to a nse ol temper a ' l ir e and 
loses Its heat also rather qxntklv, the total heat, if read simply from the mx- m n om de 
fiection of the gafraaometer, may he appreciaUv m e r r or irhea compared tath the total 
heat as determined by a caiefnl analysis of the photographic record. The heat prodnrtioa 
may be so pro'onced, espeoafly m contractions at the loirer tempeiatmes or m response 
'o the longer stnnnii, that a measnraVe ftactioii of the heat liberated uj the eadier stages 
may have been Ins'- before the mammtim deflection is attained. Th" error so caused mav, 
in a single twitch at S’ C. be as much as flO p.c. of the T^hole heat. Usually it is much 
smaller than this m prolonged contractioiis howerer, it may be cren largen In desling 
-herefore, with tissues producmg hea- onlv slouiv one mnst beware of accepting blmdlv the 
mammum defiectiou of the galvanometer as a true mdei. of the production of heah It is 
easv to tes* an mstrument for its emcacv in mtegiatmg the heat prodnchan over a Ions 
p-nod by pas s ing a constant calitrating current for diEerent periods through a dead 
muscle on it aud finding out the greatest period for which the defiecaon of the galvano- 
meter IS p-opomonal to the tune of passage of the heatmg current. Bv wiaVTny a thermo- 
p3e with the cold junctioiis far removed from the warm ones, and bv means of tlim wires 
and s imilar devices, i* is easilv possible to construct a thermopile which will go on m 
-egrataig the heat production for a p°nod of 10 or more seconds, lie instrument used in 
•h-s mvestgapon did not do ths. and it was always necessarv when the production of 
hea* was no* verv rap-d, to taie account of the posabilitv that some of the hea* mav be 
los- befo-e the maximum deflection of the galvanom'ter is reach'll. 

At the higher temperatures the nutial outburst of hea* may posmblv occur m a time 
e-en shorter than the 0 1 or 0-2 sec inaica*ed above. The anali^ would, in pomt of fee*' 
b» satisfied bv a producUon of beat practicallv mstantaaecus and occumnn a* a moment 
shcr-th- after the application of the stimulns. 
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APPENDIX 

Exp of 21 IV 26 Single biceps oruns of tortoise in air, length 6 0 cm., wight 
0 676 gnn. Initial extension about 0 6 om (very small initial tension) Galvanometer 
citfves taken when contraction stnotly laometno, tension curves taken separately Temp 
6 C Stuniilns 0 1 sec 

Control curve, with time of heatmg 0 04 sea, mean of four records, very nearli the 
same Curve after stimulus, mean of two records, praohoally identical 
Time (sec) 0 1 2 3 4 6 6 7 8 01O12141O1S 

Control 0 4 32 93 170 273 374 477 68S 049 721 826 903 947 972 

Stimulus 0 1 4 19 43 73 108 142 178 212 244 301 361 396 435 

Heat 12 22 01 0 0 01 02 — 05 — 03 04 03 03 02 

Time (sec)20 22 24 26 28 30 32 30 40 44 48 62 66 0-0 

Control 987 997 7000 1000 998 996 993 084 973 960 948 932 919 005 

Stunnlns 472 507 543 581 017 066 090 750 788 811 823 830 828 822 

Heat 07 — 08 — 07 — 02 02 02 01 — — — — 

Control curves all reduced to maxrmmn = 1000 before mean taken {the unit being 
0 1 mm on tbs photographic paper, oorrespondmg to about 6 x 10^ degree C m this 
experiment) Curves after stimulus both had a maxiinum =830 Besult of analysis shown 
m the fourth hue, the interval used at the start of the analysis bemg 0 1 sea, later 0 2 sec 
and at the end 0 4 sea The tension m this case was very small after 0 sea, but just obser 
vable up to 8 sec The heat produced up to 4 4 sea la 0 87 (the unit of heat being that which, 
if suddenly produced, gives a control maximum = 1000, in this experiment it rm 
2 6 X 10~’ cal ) The total initial heat is about 0 90 and it will be seen that there is 0 35 
(t a 40 p 0 of the imtial heat) before 0 2 see , and very httle heat produced between 0 . 
and 0 6 aec TTiermopile used had 64 pairs of junctions constantan and iron, in one layer 
length (along muscle) 2 0 om , and distance between “hot” and “cold’ junctions 1 0 cm 
Resistance of thermopile 16 2 ohms, resistanoe of galvanometer 12 4 ohma Galvanome'er 
sensitivity 31 mm for 10^ volt, with scale at 120 cm from mirror 

SujfMAEr 

1 The skeletal muscles of the tortoise react very much more slowly 
than do those of the frog, a fact trhich simphfies and makes much more 
accurate an analysis of the heat production m the imtial phases of 
contraction 

2 There is an imtial outburst of heat follomng rapidly on tlie 
stimulus and completed long before the tension has attained its ma'amuin 

3 PoIloTOUg this imtial outburst there is an mterval during wbic i 
the tension is nsmg but no detectable heat production occurs 

4 Durmg and throughout relaxation there is a production of heat, 

reaching its maximum rate at the moment when the tension is s 
appearmg most rapidly , 

6 Approximately half the imtial heat is associated with eac o 
these two phases 

6 The chemical basis of these results is discussed 

Tile expenses of this research have been borne in part by a grant from the Boval S 
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REACTION TO DRUGS OF STRIPS OF THE 
RABBIT’S GASTRIC MUSCULATURE 
By G L BKOWN and B A McSWINEY 

Department of Physiology, University of Manchester 


The moYeiaeiits and leactiOH to drugs of strips of tte gastric miiscula- 
tiou of tlie cat aud dog have previously been described by us(i) The 
behaviour of the rabbit’s stomach difiets in many respects from that 
of the above animals and merits a separate description 

Musculature of the rabbit's stomach The muscular coats of the 
stomach of the rabbit are arranged m three layers 

(а) The external longitudmal fibres are thin and ill-defined , they are 
most marked along the curvatures and over the pylonc antrum 

(б) The circular, or middle coat is the only complete layer The 
fibres of the fundus are arranged radially, ansmg from the cardia Over 
the lower two-thirds of the pylonc antrum the circular coat is exception- 
ally thick 

(c) The greater number of the mternal “ obhqiie” fibres are collected 
in a distmct bundle on each side forming a shng The shng is less evident 
m the rabbit than in the cat and dog The fibres extend from the mcisura 
angulans to the cardia, where they loop as a fairly broad band over the 
gastro-oesphageal junction Fibres pass out from the external edge of 
the shng throughout its length and tun mto the circular muscle, its 
mtemal edge remains well defined In the region of the lower body the 
majonty of the fibres become contmuous with the circular coat, but a 
small number appear to pass mto the submucous tissue 

Method The animals were kdled by stnkmg the occiput The stomach 
was removed and washed free of contamed food in warm Tyrode’s 
solution Strips consisting of mucous membrane, muscle and serous coat 
were taken m both longitudmal and circular direction m the foUowmg 
regions fundus, upper body, lower body and antrum and m the circular 
direction only from the cardiac and pylonc sphmcters Records were 
obtamed from the stnps by suspendmg them m Tyrode’s solution at 
38° C , through which a constant stream of oxygen was led The apparatus 
has been previously descnbed Pilocarpme mtrate aud atropme sulphate 
were used m 0 1 p c solutions, a 1 1000 solution of adrenahne chlonde 
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(Paxke-Davifl) was the source of adrenaline In the majority of expen 
ments 1 c c of the drug solution was added to the 260 c c of Tyrode’s 
solution in the chamber, giving a dilution of 1 250,000 The addition of 
chloretone in a concentration equal to that contained m the preparation 
of adrenahne was found to have no effect on the strips used 

Results 

The following descnption is based on the data obtamed from expen 
ments on 30 animals 

(i) Spontaneous movements and reaction to ptlocarpine and atropine 
Each region of the stomach possesses a characteristic type of movement 
The records of the upper regions, fundus and upper body, are charac 
tensed by irregular contractions ansmg from an mconstant base Ime, 
while m the lower regions, lower body, antrum and pylorus, the base 
hne IS constant and contractions are regular m form and amplitude 
Pilocarpine has a marked excitatory action upon all regions of the 
stomach with the exception of (a) subcardiac stops, (b) circular muscles 
of the antenor and postenor surfaces of the fundus, and (c) m the region 
of the lower body (Pig 6) In the fondus and upper body the drug 
produces a marked permanent shortenmg of the muscle, but has com 
paratavely httle effect upon rhythmic contractions (Pig 3) In the 
antrum and pylonc sphmcter pilocarpme augments or initiates large 
contractions of the systolic and diastohc form, but has no effect upon 
the tone of the muscle fibres (Pig 6) Atropme antagomses the action 
of pdocarpme and has an inhibitory effect upon all regions In the 
upper parts of the stomach atropme causes cessation of movement an 
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Fig 1 Angmentor effect of pilocarjirne and inhibitor action of adrenaline on the cn 
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relaxation of tlie muscle, m tlie lower regions rhythmic mo\ ement only 

IS afiected The cardiac and pylonc sphincters show no similarity in their 

reaction to pilocarpine and atropme 

(u) Reaction tq adrenaline 1 Cardia The catdia of the rabbit is 
relaxed by adrenahne after addition of pilocarpme (Fig 1 ) If adrenahne 
be given m the first instance, the drug has no apparent efiect upon the 
stnp 

2 Fundus Strips from the fundus were taken in the following 
regions (1) along the lesser curi,mture below 
the cardia — ^the snbcardiac stnp, (2) longi- 
tudmal muscle from the cardia to the apex of 
the fundus — the cardio-fundic stnp , (3) circular 
muscle of the antenor and postenor surfaces, 

(4) longitudinal muscle of the antenor and 
postenor surfaces , (6) longitudmal muscle from 
the greater curvature 

The addition of adrenahne to these steps 

may be followed by either (a) a motor response, 

or (6) an inhibitory response 

(a) Motor response The addition of adiena- 

hne to any region of the fundus may evoke s. 2 Repoos of the fundus 

motor response This efiect is observed under vhich the prepara 

, , tions u’ere made 

all conditions m regions 1 and 3, and m steps 

2, 4 and 5 when the muscle fibres show httle tone The motor efiect is 
recorded as a sustamed contraction, while rhythmic movements, if 
present, are unchanged or diminished Should adrenahne be given 
subsequent to pilocarpine to steps 1 and 3, the motor effect of the 
adrenahne is superimposed upon that of the pilocarpme It is significant 
that in these steps the addition of pilocarpme is not followed by a 
marked shortemng of the muscle 

(6) Inhibitory response Adrenahne causes an inhibitory response of 
the muscle fibres of the fundus, (a) when the fibres are m good tone, and 
{b) after pilocarpme has been added to strips with httle tone Thus steps 
from regions 2, 4 and 5 which have previously given a motor reaction 
to adrenahne, are relaxed by the drug when the fibres have been short- 
ened by pilocarpme (Fig 3) If steps from region (6) are m good tone, 
the mhibition is produced without prehminary addition of pilocamme 
(Fig 4) 

In regions 2 and 4 we have failed to obtain, without recourse to a 
stimulatmg drug, a preparation m good tone, although mixed reactions 
ra Lxi 
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Fig 4- Longitudinal atnp from the greater curvature, inhibitorv respeuB^^ 
to adrenaline in preparation with good tone 
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were sometimes observed m which the motor response was preceded bv 
an inhibition The inhibition produced by adrenaline is recorded as an 
almost immediate and rapid relaxation of the muscle and cessation of 
rhythmic movement (Fig 3) The relaxation, although marked, is not of 
long duration m strips 4 and 5 and is often followed by an indefinite 
motor effect In strip 2, the inhibition is of about 20 mmutes’ duration 
and no motor effect succeeds recovery 

3 Upper body The musculature of the upper body resembles 
closely that of the fundus m its reaction to adrenahne The circular 
muscle gives a motor response under all conditions An inhibitory 
response can be obtamed m the longitudmal muscle, especially that of 
the greater curvature after the addition of pilocarpme 



Fig 6 Lower part ol body augmentation of contractions and slight shortening 
produced bv adrenaline Signal marker displaced S mm to left 


4 Loicer body Addition of adrenahne to the quiescent strip of the 
lower body causes a shght permanent shortening of the muscle and 
mitiation of rhythmic movements, when given after pilocarpme it 
causes vigorous motor activity There ensues a shght shortening of the 
muscle, contractions become much larger and assume the antral type of 
movement (Fig 5) It is important to note that pilocarpme has not a 
marked effect on this region of the stomach 


1&— 2 
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6 Antrum and pylonc sphinder Adrenaline has an mhibitory action 
upon these regions Contractions are diminished considerably m amph 
tude and frequency The permanent length of the muscle is unahered 
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Fig 6 Inhibitory acUoti of adrenahne on the antrum, ^ 

movement only and cause no change m the mnscle length &gn»> 
djspisced 3 nun to n^ht, 

OccasionaUy m the antrum shght motor efiecte are observable, either 
preceding or foUowmg the predominant inlubition 

These reversal effects on smooth muscle are ® and 

amount of adrenahne has been used to obtam ^jg^torshave 

relaxation The reversal effects recorded by previous m 8 
been obtamed in the mam by usmg vai^ng to adrfnahne 

excitatory response of the gastnc musculature of the er, 

has previously been descnbed by Smith (2) and Ku 
have not obtamed reversed effects m the same prepara 

Summary and Conclusions 

1 A slmg formation of the internal ° ^ ^ of the 

rabbit’s stomach has been found similar to that 
cat and dog 
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2 Pilocatpme has an excitatory effect on all regions of the rabbit’s 
stomach. In the upper regions the drug causes a permanent shortening 
of the muscle fibres while m the distal regions, rhythmic movements 
onlv are augmented. 

3 Addition of adtenalme to steps from the fundus and body of the 
stomach may have an excitatorv or inhibitorv effect The reaction 
depends on the condition of tonus, low tonus predisposmg to an ex- 
citatory response, high tonus to an mhibitory 

The expenses of this investigation have been detraved in part bv a irtant from the 
Government Grants Committee of the Roval Societv 
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CARDIOVASCULAR REFLEXES By I de BUEGH DALY 
AND B B VERNEY {Bett Memonal Research Fellow) 

{From the Physiology Institute, Cardiff) 


Dueing an mvestagatioii of tlie “Central and Reflex Regulation of the 
Circulataon,” Anrep and Starlingp) were unable to obtain evidence of 
a reflex mechanism being mvolved in the production of cardiac slowng 
in response to a nse in aortic pressure’^ They used the crossed circulation 
method described by Anrep ( 2 ) in which the head derived its blood 
supply from a heart-lung preparation and the rest of the animal received 
blood from its own heart It occurred to us that the negative results 
obtained might have been due to a nse in venous pressure occumng 
simultaneously with the nse m aortic pressure and so neutrahsing any 
tendency for the heart rate to become slower (BainbndgeO)) The 
possibihty that the low carbon dioxide content of the blood perfusing 
the bram contnbuted to their results was also considered, they did, 
however, use a carbon dioxide-air mixture for ventilation of the heart 
lung preparation m some of their expenments 

In order to study the problem further we devised a method in which 
the aortic pressure, the head artenal pressure and the head blood fiou 
could be vaned at wdl m the intact ammal Care was taken not to over 


ventilate the lungs 

Method Dogs were used m all experiments and were fully aufESthe 
tised with chloTalose, 1 decigram per kilo body-weight being injected 
intravenously Morphia was not admimstered The blood of the ammal 
was defibrmated and artificial respiration applied, a carbon dioxide 
mixture was not used A screw clamp was placed on the thoracic aorta 
as low down m the chest as possible A cannula was inserted into the 
central end of the subclanan artery and connected to a Pavlov and 
Stolmcov stromulir(4, 5), similar to the pattern recently used by Anrep 
The brachio-cephabc artery was then tied close to its origin from the 
aorta and a cannula inserted pomtmg towards the brain, this was 
connected to the other end of the stromuhr In two expenments t le 


* At o later date using the innerratcd heart-lung preparation with a CO mix iw 

supplied to the lungs, Anrep obtained evidence ol reflex slowing (Communicnf o 

Physiol Soo.Nov 14th, 1925) 
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braduo-cephabc artery was divided between bgatures and cannula 
inserted into tbe distal and proximal ends These cannula were joined 
to the output and mput openings respectively of the stromuhr, m these 
experiments the left subclavian artery was hgatured The blood flow 
through the head was controlled by a screw clamp on the rubber tube 
connecting the cannula in the central end of the subclavian artery (or 
of the hrachio-cephahc) and the stromuhr Tn some expenments the 
pressure in the right auricle was taken by means of a saline manometer, 
the upper end of which was m connection with a loose rubber membrane 
tambour ilercury manometers jomed by side tubes to the mput 
(central to the screw clamp) and output connections of the stromuhr 
measured the aortic and head artenal pressures respectively The 
stromuhr measured the amount of blood passing through the head, neck 
and right fore-leg 

The procedure was as follows The blood flow through the head was 
measured and then the clamp on the aorta was partially screwed up The 
clamp on the brachio-cephahc artery was then tightened to such an 
extent as to brmg back the pressure of the head blood supply to its 
imtial value, sometimes the aortic clamp and the brachio-cephahc clamp 
were screwed up sunultaueously The flow through the stromuhr was 
agam recorded Finally, both clamps were released and the flow through 
the stromuhr recorded 

In two expenments the temperature of the blood was taken m the 
nght auricle, no alterations were observed as a result of adjusting the 
clamps as descnbed Reversing the direction of the blood flow through 
the stromuhr caused a slight kick on the blood-pressure records but id 
not influence the temperature m the nght anncle or the heart rate 
Results Extracts from the protocols of three expenments are given 
in the table It will be seen that a nse in aortic pressure with the head 
artenal pressure kept constant or even shghtly dummshed produced a 
slowing of the heart rate (Exps 1,3) A nse m aortic pressure with the 
head pressure constant caused a diminished blood flow through the head, 
and if after raising the aortic pressure the brachio-cephahc clamp was 
adjusted so that the flow through the head was unaltered, the cerebral 
artenal pressure was found to be increased (Exps 1, 2) 

We obtained therefore, in response to a nse m aortic pressure, a 
reflex slowing of the heart rate and a reflex vaso-construction of part or 
of the whole of the v ascular bed supplymg the head, neck and nght fore- 
leg ,yter section of the v agi, the reflex slowing of the heart was abolished 
but the reflex v aso-constnction persisted (Fig 3) 
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The blood flow and the artenal pressure of the perfused head in thfe 
experiment pubhshed by Anrep and Starling were 336 c c per minute 
and 96 mm Hg respectively In our own experiments 14 observations 
gave an average artenal blood-pressure of 91 mm Hg (hmits 65-130 
mm Hg) and an average blood flow of 76 o c per mmute (limits 50- 
110 0 c per mmute), that is, a flow approximately one-fourtli of that 
obtamed by Anrep and Starling 
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Table 



Pressure in 

SI 

B p Flow through 

Heart 

Temp °C, 

right auricle 

Hoad 

, head m c o 

rate 

m nght 

mm saline 

Aorta per min 

per mm 

auricle 

10 

120 

120 60 

180 

— 



Aorta compressed 



10 

104 

160 — 

108 

— 



Brnohio cephalic artery 

compressed 


12 

128 

180 — 

102 

— 

— 

120 

170 35 

120 

— 

20 

84 

84 53 

117 

35 



Aorta and brachio ccphalio artery compressed 

110 

108 

190 60 

96 

35 



Both released 



20 

70 

70 — 

120 

35 

■ - 

78 

80 110 

144 

— 



Aorta compressed 



- - 

140 

160 330 

114-120 

— 



Brachio cephaho arterj 

compressed 




70 

180 100 

124 

— 



Both released 




70 

70 110 

140 


— 

72 

70 00 162 — 
Aorta and brachio cephaho nrterr compressed 

- 

04 

190 46 

120 

— 



Both released 





00 

00 54 

103 



Timo 

0 

16' 
1 ' 0 
1'26' 
3' 0' 


0 

10'-50' 
1 ' 0 

1 ' 10 "- 1 ' 45 
1'65' 


Typical tracings (Figs 1, 2) show that the slowmg of the heart rate 
in response to a nse m aortic pressure takes place almost mmm a 
If the aortic pressure was kept up for any length of time t ere 
generally a progressive acceleration of the heart rate after t e 
slowing, this acceleration was not sufficiently marked durmg t e pe 
over which our observations extended for the heart rate to return 
same value obtammg before the aortic pressure was raised 

In one expenment we used the same teclmique but in a i * 
lower half of the nmmal was removed by a section throug o 
thoracic vertebra, the aorta being connected to an arti cm 
and the mfenor vena cava to a large rubber reservoir in ° 
described by one of us (6) for makmg the closed circiut hear g 1 
paration On raising the artificial resistance and adjusting 
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ft. brachio-MptaUc artery a- as to raamtam the “«bral artend 

pteasaie constant, rrc obtained a marked slomng ot the heart rate 
114 to 54 beats pei mmute 
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Tig 1 Partial compression of aorta foUoired by partial compression of brachio cepbalic 
artery The figures below the aorta blood pressure tracmg denote the heart rate 
per minute. Time tracing = 5 secs. SA = pressure m right anncle The figures 
immediately above the signal marker represent the blood flow through the head in 
C.C per minute. 

Discussion 

Out expenmente demonstrate that a nse m aortic pressure causes 
reflex slowmg of the heart tvhen the pressure of the blood supplying the 
head, neck and nght fore-leg remains constant In those experiments in 
which partial compression of the aorta produced a nse of pressure m the 
nght auncle, there was still cardiac slowmg present, so it would appear 
that the reflex mitiated by aortic pressure increase causmg slowmg of the 
heart is stronger than the reflex imtiated by an mcrease m venous 
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pressure wlucli causes acceleration of the heart rate The reflex slowing 
IS dependent upon the mtegnty of the vagi 
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Fig 2 Simultaneous compression of aorta and brachio cephalic artery at 
At B both released. In this Fig and m Pig 3 the figures 
marker denote the blood flow through the head dunng the interval between 
the dotted lines Time tmcmg=d sees 

With regard to the accompanying vaso-constriction of part or of tli 
whole of the vascular bed of the head, neck and right fore leg, we 
not sufficient experimental evidence to account for its pro ® 
occurs after vagal section when the steUate gangha are intact, an 
experiment was accompamed by an acceleration of the heart ra e 
the exception of the expenment in w hich we made the c ose 
heart-lung preparation, the suprarenal glands were intact, ® j 

bihty that adrenahnecompheated our results was therefore no a 

ruled out i„opnhpcl do 

It IS to be noted that the expenments which we have d 

not decide as to the site of the receptors engaged in the re 
cardiac rate Thev may be in the aorta, in the heart, or eie 

lungs 
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CONCLTJSIOKS 

1 A method by vrbicb tbe blood-pressure and blood flow to the 
bead, neck and ngbt fore-leg can be vaned independently of tbe aortic 
pressure in tbe mtact animal, is descnbed 



nf I Vag^cut. At 4 compression 

of aorta and brachio cephalic artery At B, both released. 
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STUDIES ON THE PHYSIOLOGY OF PLAIN MUSCLE 
The effect of alteration of initial length on the tension pro- 
duced on contraction By R J BROCKLBHUEST 

{From the Physiological Laboratory, Si Bartholomeio’ s Medical 
College, London ) 

The energy set free by the isometnc contraction of skeletal (i, 2, s, i, 5) or 
cardiac (6) muscle, depends upon tbe inifaal resting length of the muscle, 
the graph relating tension-increment on contraction to imtial length 
bhoivs that the energy set free first mcreases mth increasing imtial 
eYtenmon, and then declines mth further extension (2, 4) The purpose 
of the present experiments was to find whether plain muscle exhibits 
similar properties 

A dif&culty IS met with owmg to thef act that plam muscle cannot be said 
to have any definite “unloaded length,” but exhibits very great vanabons 
in length on the apphcabon of minimal loads, this was circnmvented by 
starting with the muscle always defimtely extended so as to produce a 
very shght imtial tension when at its shortest length Fluctuations in 
tension due to vanations of tonus were usually shght 

Method The lower part of the cat’s fleum was used throughout as 
a source of plain muscle (Crane and Hender8on(7) found that the 
ileum m the gmnea-pig is much mote sensitive to a stretching stimulus 
than 16 the upper part of the small mtestme ) The cats were killed by 
bleedmg immediately after the mduction of complete ether amesthesia 
A portion of the ileum, measunng between 2 6 and 4 0 cm m length, 
was removed immediately after death, washed thoroughly and placed 
with a minimum of mampulation in the recording apparatus , this con- 
sisted of a vessel of oxygenated Tyrode’sflmd (without glucose) at 38° C , 
m which the mtestme was suspended between a fixed isometnc lever 
above (recordmg frontally on a slowly movmg drum) and the hooked 
end of a glass tube below The glass tube was led out of the bath and 
ngidly fixed mto a Palmer stand , by means of a worm gear this could be 
raised or lowered, thus shortenmg or lengthenmg the gut 

After a prehmmary rest of 10 minutes m the Tyrode bath, the lower 
attachment of the gut was adjusted so that the gut itself became just 
taut without producmg any appreciable tension m the isometnc lever. 
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at this point the effective “relaxed” length of the intestine wns moasured 
(to mthin 0 B mm ) The muscle was then stimulated to give a maximal 
contraction by the addition of a solution of “Ergamino Acid Phosphate” 
(B W ), to give a concentration of one part of lustainino in 1,000,000 
The use of a drug such as histamine has certain advantages over 
electrical stimuli when dealing with plain muscle It is more readil} 
apphcablo and more certain m its results, a maximally effective dose of 
histamine always giving a satisfactory and iimform contraction 

The response of the gut to the addition of histamine was recorded on 
the drum as an immediate 2 iowcrful contraction (after a short latent 
ponod), followed by a series of strong rhythmic contractions, usually at 
the rate of about seven or eight jicr minute, these rhythmic contractions 
wore never as powerful ns the first contraction, and they gradually 
decreased m force, the tension in the muscle once more approaclimg zero 
at the end of a minute or two After the greatest contraction had been 
recorded, the bath was emptied and the histamine removed by three 
washings mth fresh Tyrodc at the required temperature 

The gut was then longtheiicd by means of the norm gear and tlie 
whole process was repeated at different initial lengths, first lengthening 
the gut through a definite range, and then allowing it to shorten by 
similar stages back to its original length At the end of the experiment 
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CONTRACTION OF PLAIN MUSCLE ‘ 

tte lecoidmg apparatus ^vas calibrated by adding 10-gm weights to the 
r!:XV?ever"loin the same point from which the gut had been 

1 shows portions of a typical record The length of the contracted 

mtestme was not more than 0 25 mm shorter than when relaxed 


T (gm ) 


E-cpt 2 




5 5 3-0 3-5 40 45 50 5-5 

L (cm 

r.g 3 


Kg 2 A= tenjions wheo ancontracted, fi =total tensions on contraction, irhen lengthen 
mg the gnt, C=re3ting tensions, Z)=teiisions on contraction, rrhen allowing gut to 
shorten. Ordinates, tension in gm , abscissie length m cm. 

Kg 3 Drawn from data in Kg 2 E — B minos A, F — D minus C Ordmates tension- 
inorement m gm. ahscissse, length in cm. 


Fig 2 represents graphically the results of a typical experiment of 
the senes The contmuous curves show the effect of lengthenmg the gut 
hy short stages, the broken carves represent the reverse procedure 
VIZ allowmg it to shorten by stages to its ongmal length All the curves 
are of similar shape, diffeniig only in degree A and B are very similar 
to the correspondmg curves obtamable with skeletal muscle, the wnter 
has not seen any “ ahortenmg ” curves (correspondmg to G and D) m the 
case of skeletal muscle Similar curves were obtamed from aU the 
expemnentfl performed 

An obvious difference is seen between the tensions of the “lengthen- 
ing” and the “shortemng” curves, m every case the tensions on the 
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latter are lower than on the former at similar lengths The shapes of A 
and 5 are similar, also those of C and The “contracted” curves 5 and 

are clearly dependent for their shapes on those of A and G respecbyely 

There are a number of factors which, smgly or collectively, may 
account for the difference m appearance between A and G 

(1) The mtestme can, for the purposes of this mrestigation, be con 
sidered as a mixture of contractile and non-contractile tissues, the latter 
including the serous coat, the mucous membrane and a certam amount 
of connective-tissue m the submucosa and m the muscle layers The 
sharper nse of A as compared with C is undoubtedly due partly to the 
presence of these non-contractile elements of low elasticity On relax 
mg the gut, the stretched connective-tissue exhibits httle or no retrac 
tion except at the begmnmg, and this would account, m part at any rate, 
for the sharp fall of 0 The differences m level between 5 and A, and 
between D and C, are of course due entirely to the tension exerted by 
the musculature on contraction 

To avoid this difficulty if possible, a few expenments were performed 
with the retractor penis (bull and dog), which is as free from non 
contractile tissue as plain muscle from any other source Unfortunate!} 
this muscle does not respond readily or in a regular way to histamine, 
relaxation being sometimes produced 

(2) Viscosity On lengthemng the muscle, there is a sudden increase 
m tension at the moment of lengthemng, followed by a gradual decrease 
to a stable tension It is obvious that only by stretching the muscle 
mfimtely slowly can this factor be ehnunated On relaxation, the 
viscosity factor does not apparently alter the tensions appreciably , ss 
the gut was allowed to shorten, it always assumed immediately a tension 
which did not vary thereafter It would appear that whereas skeletal 
muscle can be compared to a thm rubber tube filled with a viscous 
mixture (S), plain muscle in this respect would more closely resemble a 
similar system with very httle or no elastic component It is not neces 
sary to enter here into the possible explanations of “viscosity m p 
muscle, whether it is due to a molecular rearrangement within t e 
fibres, an adjustment of hqmd crystals disordered by the stretching (ft 
or to a movement of the fibres one over the other (lO) 

(3) Damage In one or two instances a small degree of tearing 
the ends of the gut was noticed at the end of the experiment, ue 
partial rupture of the muscle coats by the thread used for hgnti^ 

This was obviated by fitting small flanged glass tubes mto the ® 
the gut and tying the gut over them These tubes also serve to 
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the ends of the gnt open, thus allowing the free access of saline to its 
Inmen, this enabled the gnt to nd itself of metabolites, secretions of 
mncns, etc 

(4) Any other irreversible effects froduced by extension Under these 
experimental conditions there appeared to be no permanent stretching 
of the muscle, m one experiment (Xo 3 m the table) the gut was 
subjected to a second lengthening dnnng which the tensions obtamed 
were exactly similar to those dunng the first process 

The muscular contraction itself is best studied by means of tension- 
increment — ^length diagrams 

In Fig S,E represents the mechamcal energy hberated (as measured 
by the tension-mcrement) with mcreasmg imtial length, and F the same 
with decreasmg mitial length , E bears a close resemblance to the corre- 
sponding curve for skeletal muscle shown by Evans and Hillp) There 
IS clearly a certam optimum length for maximum tension development, 
and this optimum is difierent m the two cases (o) of muscle which is 
being lengthened and (b) of the same muscle being shortened A possible 
explanation of this difierence is afforded bv the behaviour of the non- 
contractile elements of the gut wall On lengthening the gut, E, the lack 
of plasticity of these tissues shows itself as a rapidly mcreasmg nse m 
the resting tensions especially noticeable when it is considerably 
stretched, the effect of this is a falling off of the tension-mcrement The 
optimum length m F occurs verv soon after the shortenmg process 
begins, and is always greater for a given piece of gut than the optimum 
m £, m this case the tension-mcrement is not mterfered with by a 
stretchmg of the non-plastic tissues which are here allowed to relax 
It may be noted m passing that the muscle of a small piece of mtestme 
IS capable of developing considerable tensions, m experiment 4, a piece 
of gut, 4 3 cm long, exerted a maximum tension-mcrement of 168 gm 
Workmg with the gastrocnemius, Beckd) found that the maximum 
tension developed on contraction occurred when the muscle was stretched 
to just beyond its greatest physiological length A V Hilltu) has 
emphasised the unsiutabihty of the gastrocnemius for experiments of 
this kmd owmg to the presence of tendon, etc , and to the obhqmty of 
some of the fibres, he uses, instead, the sartonus and other skeletal 
muscles with parallel fibres The maximum physiological length of a 
given piece of plam muscle cannot easilv be detemuned with any ac- 
curacy owmg to the very mdefimte range of movement of the ‘ insertion ’ 
^vlth respect to the ‘ ongm”, eg the circular and longitudmal muscle 
coats of the hollow viscera There is no doubt that m the experiment 
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sununansed graphically above, and in many of the others, the mtiscle 
was stretched beyond its physiological limi t, and the tensions obtained 
from it when being gradually shortened may have been disturbed 
thereby As mentioned above, however, a second lengthemng process 
m one experiment mdicated no permanent stretching effect A fen 
experiments were earned out m which the gut was not stretched by 
more than 25 p c of its initial length, curves drawn from these were 
found to be similar to those already desenbed, with the exception that 
in some cases the maiamum tension-mcrement was not reached 

The following table gives a summary of a number of experiments 
performed under similar conditions 


Optimum length morease 
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A 
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length 

Kxpt 

cm 

pc 

po 

1 

40 

10 26 

38 7 

2 

32 

16 0 

648 

3 

(1)3 3 

30 3 

66 0 


(u) 3 3 

303 


4. 

43 

19 8 

29 1 

5 

42 

11 9 

238 

6 

35 

93 

14 6 

7 

45 

1C 7 

22 3 

8 

40 

260 

600 

9 

26 

280 

600 

10 

38 

52 G 

606 

11 

36 

14 3 

48 5 

12 

26 

iO 

SO 

13 

26 

80 



There is clearly a great variation m the “optimum length-mcrease 
when comparing several pieces of ileum under similar conditions Thus, 
on lengthening the gut, this figure vanes between 4 0 p c and 62 6 p c , 
on shortenmg, between 8 0 p c and 60 5 p c The cause of such extreme 
vanation is difficult to explam, the only factor which could not be 
controlled was the tonus existing in the muscle itself, and changes m 
tonus may possibly account for it 

SuMMABY 

(1) Tension/Length curves obtamed from plam muscle (cat s ileum) 
stimulated by histamme, are very similar to those obtained on 
skeletal muscle stimulated electrically The muscle was first lengt ene 
by stages and then allowed to shorten back to its ongmal lengt ic 
resting curve m the latter case shows smaller tensions at the grea 
lengths than does the restmg curve dunng the lengthemng process 
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This dafierence is explained as being due to tbe viscosity of tbe muscle 
and to tbe stietcbing of tbe non-muscular elements of tbe mtestme 

(2) Tbe total tensions developed on contraction appear to depend 
on tbe tensions obtaining m tbe relaxed condition at tbe various lengths 

(3) There is a defimte optimum length at wbicb tbe maximum tension 
IS developed by tbe muscle mvestigated This optimum length is less on 
lengthening than on sbortemng tbe same muscle 

(4) Tbe optimum length vanes considerably m different pieces of 
muscle from similar sources and under identical treatment This appears 
to be due to unexplamed differences of tonus 

I -wish to acknoivledge my mdebtedness to Professor LovattE\ans, 
P R S , for bis frequent advice during this mvestigation 
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HISTAMINE SHOCK By 0 INCHLEY 


{From the Pharmacological Laboratory, Cambridge ) 

It is generally accepted that histamine is a direct poison to capillaries, 
leading to their dilatation Dale and Kichards(i), and Dale and 
Laidlaw(2) have shown that in histamine shock the capillaries are 
dilated, and that this is associated with a fall of blood-pressure and a 
state of coUapse Krogh(3) has shown that capillaries constantly perform 
active changes m cahbre and suggests that there are “artenomotor and 
capiUanomotor systems which are able to act m opposite directions 
The contractile power of the veins had been observed as early as 
1863 by 6oltz(4) Ilouget(5) discovered certam cells on the capillaries 
which have been studied by Vimtrup(6) who ascribes to them the 
function of constrictmg capillaries, though no active dilator mechanism 
has been described Krogh thmks that the constrictor cells of Rouget 
are traceable to, and gradually merge mto the plam muscle fibres of the 
veins and arteries Gunn and Cheva8se(7) have demonstrated t e 
constriction of the vems by adrenaline In the case of arterioles, dilata 
tion when it occurs is obviously passive, the dilating force hemg derive 
&om the heart It is conceivable that, even m an excised organ, portion 
of capdlaries, actively constrictmg, might squeeze their contents m o 
adjacent capillaries, givmg appearances under the microscope sugg^tmg 
active dilatation Microscopical observations, therefore, become d cii^ 
to mterpret, and Krogh(8) describes, from observations on the o^^ 
constriction occurrmg m certam capdlaries at a tune when dilatation 

obtammg in adjacent ones r u + uie 

Capdlary ddatation is the characteristic phenomenon o ^ jg 
shock as weU as of shock by other substances Dale s view, w c ^ 
generally accepted, is that histamme acts duectly on the cap ^ 
The present experiments suggest another and simpler exp ana ion 
account for the effect, namely, that the ddatation of the cap , 
passive, and due to constriction of the vems In a cuculation o 
mtact arteries, capdlaries and vems, where a variable resistance m 
imposed m any one of the three, it is difficult to draw , jy,gg 

which is affected m altered cuculatory conditions Each o e 
factors of the cuculation must be exammed separately 
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Expenmental 

I Perfusion of arteries and ca-pUlanes vnthout tans Perfusion of 
neins and capiTZan&s vnthout arteries The first experiments were made 
by nsmg isolated organs artificially perfused and excludmg either 
arteries or yeins The organs of cats and rabbits vrere employed The 
animals nere killed by pithmg Cannula? vrere placed m the main arterv 
and yem. of the isolated organ and the organ -was then freely mcised so 
that durmg a perfusion through either the artery or the yem the fluid 
ivould escape, m the mam, through the capillaries ivhen the yem or 
artery respectiyelv had been preyiously occluded The methods of domg 
this necessarfly yaned mth the organ employed Thus m the case of 
the mtestme the mtestmal loop yras opened up along the side distant 
from the mesentery in the hyer the yiscns vras scarified vnth a hard 
■vnre brush m the limb the muscle tissue was sumlarly scarified after 
removing the fascia lata Valyes are absent or rudimentary m the 
mesenteric yems so that the perfusion backwards is easy under low 
pressure m the hmbs the pressure must be mcreased sufficiently to render 
the valves m these vems mcompetent The foUowmg protocol is typical 

Cat Loop of small mtestme 15 cm. long removed, ilesentenc arterv clamped. Mesen 
tenc vem perfnsed with o wgenated Rmger under a pressure of 25 cm. SmaVhntestmemcised- 
Xuxnber of drops m outflow m consecutrre 30 tec, 17, 25, 25 2i 27 26 25 
After mjechon of 2 c-c. bistamme phosphate 0-1 p.c mto tube supplying the vem the 
drops registered 15 15 14 15 14, 14, 13, 13, 14, 15, 14. 

It is known<2) that the rabbit responds to histamme differently from 
the cat It IS a suggestive fact that this unusual reaction of rabbits to 
histamme should be associated with the fact that histamme has httle 
constriction effect on the mesenteric vems 

As the flow through a pipe varies directly as the difference of pressure 
between the two ends, and mversely as the resistance m the pipe, and 
as m each of mv experiments the pressure was kept constant, the resist- 
ance mterposed as the result of histamme may be expressed as a ratio, 
namely, the outflow before histamme, divided by the lowest outflow 
ohtamed durmg histamme perfusion these resistances for the vessels 
of the cat may he thus tabulated 


Organ 

Intcstme 

Liver 


Vessel 
Vem 
Arterv 
Portal vem 


Hmd limb* 


Hepatic vem 

Vem 

Arterv 


Outflow 
before hist 


15 

75 

6-5 

12 


o o 


5 


Outflow 
durmg hist, 
13 
5 
10 
1 6 
9-5 
0-9 
1 5 


Resistance 

2 

3 

7 5 

4 

1 

24 

3 
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Mautner and Pick(io) also observed marked obstruction of the 
hepato-portal circulation after histamine 

These experiments show that histamme phosphate causes powerful 
constriction of both veins and arteries m the concentrations used Euiger 
solution adjusted to the same pH causes slight relaxation It becomes 
necessary to explam why histamme causes a fall of blood-pressure with 
dilated capillaries, while adrenahne does the opposite To obtain an 
answer to this it was suggested to me that the preparation be perfused 
with very dilute solutions of histamme m oxygenated Rmger, using veins 
and arteries alternately, to determme whether the one W'ere more sen 
sitive than the other m such dilutions A preparation was made of the 
small mtestme of the cat, one cannula was placed in the mesenteric vem 
supplying oxygenated Ringer at a low pressure from one funnel, another 
cannula was placed m the mesenteric artery supplying similar Rmger 
from a second fuimel at a higher level After the outflow had been pro 
vided for by the longitudinal mcision m the gut, by the occlusion of one 
cannula, the perfusion could be obtained by the other Perfusion by each 
channel was made alternately, the heights of the funnels were adjusted 
so that an approximately equal outflow was obtamed m both cases 
Perfusions with different concentrations of histamme were then made 
through the vein and artery Fig 1 is the record of a typical experunent 
imder these conditions, and it shows that the vems are more sensitive 
than the arteries to histamme and constrict before the arteries are 
appreciably affected 
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Fig 1 Cat. Exciaed loop of small mtestme. Carmnlffl m vem and arterj ^^^***"0 ^ 
Outflow recorded m drops dnrmg ratcrvals of 15 seconds. The 
supplied to the vem under a pressure of 28 cm Rmger, to the artery un er 
X =artcr 3 ' =vein 
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n Perfusion of arteries or leiiis teithout capillaries. A preparation 
of the small mtestme of the cat was made as described above, except 
that mstead of an incision m the gut the mtestme was cut away along 
the hue of the mesenteric attachment, the vascular loops which course 
along the edge of the mesentery bemg retamed m the preparation As 
before, the height of the funnels was adjusted to give approximately 
equal outflows from either vem or artery The followmg experiment is 
typical 


Cat Excised loop ot small mtestme. CammlBE m xem and arteiy Small mtestme 
removed. Outflow recorded m c-c- durmg mtervals oi 1 mmute. Perfusion flmd supplied 
to vem under pressure of 10 cm to artery under 51 om. 


Fluid 

Oxvgenated Ringer 
Hist phosph 1/5 000,000 
Hist, phosph. 1/500,000 
Adrenalme 1/500 000 


Outflow c c per mm. 


Perfasion of vein 

Perfusion of artery 

at at 

35 

36 


15 17 

37 

37 


10 11 11 

36 

3t 

35 33 

Co 7 7 5 

5 

G 



These experiments show, m so far as perfusion experiments are vahd 
for the purpose, that histamme acts m the same way whether a simple 
arterial system is used or whether an arteno-capillary system and that 
histamme acts identically on a venous and on a veno-capfllary system 
One 16 forced to the conclusion that the capillaries play an insignificant 
part m the phenomenon 

If the isolated orgau with the vessels m their natural sequence 
IS considered there is reason to beheve that histamme when perfused 
should here also exert efEects on the vems and arteries such as I 
have shown m the separated vessels If this he so, mcreased resistance 
m the vems with unaltered arterial resistance must cause (1) mcreased 
capillary pressure, (2) distention of capillaries, (3) diminished flow 
If adrenalme increases the resistance m the artery more than it does 
that in the vems then there should follow, (1) diminished capillary 
pressure, (2) dunmished disteutiou of capillaries, (3) diminished flow 
If the normal animal has an efficient controllmg mechanism on each of 
these resistances, the capillary pressure and the rate of flow could each 
be separately adjusted to requirements 

m Ring preparations These results were confirmed by using a 
different method Emg preparations of the mesenteric artery and vem 
of the pig (from the slaughter house) were suspended m the same bath 
of oxygenated Ringer , simultaneous records of their movements obtamed, 
and the effects on them of different concentrations of histamme recorded 
It was found that small concentrations, such as 1/1,700,000 caused 
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constnction of the vein only, much stronger concentrations, such as 
1/100,000 being required to affect the artery (see Fig 2) That the arterj 



Fig 2 Isolated meaenteno artery and vem of pig suspended in a bath of oiygensted 
Ringer 260 ac, capacity Histamine phosphate 0 1 p o was added by pipette, 20 drops 
from which equals 1 c o. In the figure 4 =3, R = 0, £7 = 20 , i) = 20 , F=20,F=20drop5. 
The tensions on the thread attached to vein and arterj were in the proportion of 1 3 
respectively 


was responsive to drugs was shown by the fact that it entered mto 
maximal contraction on the addition of adrenaline This method vas 
also used with the pulmonary artery and vein of the pig Here the smal'cr 
pulmonary vems, about 1 5 mm diameter, constrict with histamine 
while the correspondmg arteries do not, on the other hand, the larger 
arteries constrict under histamme while the correspondmg vems do not 
Cow(0) found that the pulmonary artery may be divided mto two 
portions, that without the lung reactmg to adrenalme like other arteries, 
that withm the lung either not affected or actually dilated Fig 3 shovs 



Fig 3 Isolated piilmonarj artcn and vein of pig suspended ns m Fig - lu 1 expc ^ 
ment the tension on the thread attached to the nng was 0 G gmi in each case 
2 drops of 0 1 p c histnmmc phosphate were added to the bath, at B, -0 < rop 
at C, 10 drops of adrenaline 0 1 p c. the vein constnets but not the nrterj 
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tlie efiect of iustamme on ttese smaU vessels Vesseb of tbts “librc are 
W off at nglvt angles from tire mam stems m tbe 

of the long 4 shovrs the effect on larger vessels, about r mm 



diameter At A, tcro drops of the histamine solution vere add--d at 
B tsTo drops more, at C, eight drops the artery contracts but not the 
verm 

These experiments sugeest that vascular consmction under histamine 
IS mamly venous 

IT 'Erpenmenlal orrhanon of rein* tn amwaly If the 

preceding esperunents give a valid mterpretation of histamine act'on 
then expenmental obstmcnon of veins by mechanical means should 
also produce histamme-like effects Occlusion of certam large 
vas made by applvmg pressure The vems used vere (1) the mfenor 
vena cava above the entrance of the renal vems and (2) the portal vem 
Cats auEsthetised mth ureihane •vrere emploved and the effects r-f^’e 
found TO differ according to vhether the occlusion period vas short or 
long Occlusion for one mmnte of either the mienor vena cava or of the 
portal vem caused a slight fall m blood-pressure vith rapid recoverr 
to normal on releasing the venn Oc-clusion of the portal vem for 1 i 
nuEures caused marked fall m blood-piecsure rnth sometimes failure 
or respiration. On release rhe blood-piessnre sho— ed only a prar^jal 
recover* 


Occlusion of portal vem and vena cava together for 30 mmutes caused, 
a promund iah oi blood-pressure — hich on releaeo did not recover the 
ammal remaining permanentlv coffapsed {Tig o) A* this stage mrra- 


V'^nots rn 3 ectioa oi Emger 30 c c sLo-riy administered, did neT ap- 
yreuail- nrrpro~e the condition- Adrenaline djections ca-x=ed a marked, 
but temporar*- rse jn hoc-d-pressure — hi<-h hov*ever rap-dlv rehimed 
of collapse, P/i,-' 7 / orfcjTi the mtertmal mtrcotr- 
~ “ yrarrcal- nomaL m colour salmon pmk rather than 

tne surface sho^ tne normal -ef-pe- a-ppearance no^ the gk.ee- 
tmrorm suria-e of mdema. Tne absent of c<mge£e-.,n and mdema le 
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constnction of the vein only, much stronger concentrations, such as 
1/100,000 being requu^d to afiect the artery (see Fig 2) That the artery 



F}g 2 Isolated mesentenc arteiy and vein of pig suspended in a bath of oxygenated 
Binger 260 0.0. capacity Histamine phospbate 0 1 p c was added by pipotte, 20 drops 
from which equals 1 c 0, In the figured =3, B=6, (7=20, = 20, 15=20, 1’= 20 drops 

The tensions on the thread attached to vein and artery were m the proportion of 1 3 
respectively 

was responsive to drugs was shoivn by the fact that it entered into 
maximal contractiou on the addition of adrenaline This method vas 
also used with the pulmonary artery and vein of the pig Here the smaller 
pulmonary veins, about 1 5 mm diameter, constrict with histamine 
while the correspondmg arteries do not, on the other hand, the larger 
arteries constrict under histamme while the correspondmg vems do not 
Cow(0) found that the pulmonary artery may be divided into two 
portions, that without the lung reactmg to adrenalme like other arteries, 
that withm the lung either not affected or actually dilated Fig 3 shov s 



Fig 3 Isolated pulmonarj artorj and v ein of pig suspended ns in b ig 2 In tins cipon 
ment the tension on the thread attached to the nng was 0 0 grm in each case At 
2 drops of 0 1 pc histamine phospliate Tiere added to the hath, at B, 20 drops an 
at Or 10 drops of adrenalme 0 1 p c the vein constnets hut not the nrterj 
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Y PainlingiessdsiciOihistaminesolidions If a large vein is painted 
with a strong solution of histamine m an anaesthetised animal sufficient 
IS ahsorbed to produce general systemic efiects almost immediately , 
but when an artery is similarly treated only local effects are observed 
m the tissues suppbed by it 

The hmd limb of the cat, anaesthetised with urethane, was placed 
m an oncometer The rectum was excised and the ihac vessels exposed 
m the pelvis The ibac vem and artery vere consecutively pamted with 
a 3 p c solution of bistamme phosphate {— 1 p c hist base) Blood- 
pressure and hmb volume were recorded 

After either the ibac vem or the inferior vena cava was pamted there 
was a fall in the general blood-pressure and a simultaneous moderate 
mcrease m hmb volume After pamtmg the iliac artery an immediate 
marked mcrease m hmb volume occurred but no appreciable efiect on 
blood- pressure After pamtmg the vem there is a general shock with fall 
of blood-pressure After pamtmg the artery there is constriction onlv 
of the veins of the hmb suppbed by that vessel with resultmg vaso- 
dilatation and the ammal is protected m some way from shock How this 
protection is produced has not been further mvestigated 

n The effect of large doses of histamine D ale has shown that after 
mtravenous doses of 1-2 mgrm histamme base per kilo typical shock 
with failure of respiration and death occurs after 10 or 15 mmutes Such 
doses probably cause venous but not arterial constriction, with larger 
doses arterial constriction might preponderate If this hypothesis is 
true then the mjection of a large dose of histamme should contract 
arterioles as well as veins and cause a rise m blood-pressure It has been 
shown that with high concentrations of histamme the arterial resistance 
IS equal to or greater than the mcreased resistance m the veins, so that 
“bleedmg mto capillaries” with consequent fall m blood-pressure is 
to that extent diminished Fig 6 is a record of such an experiment 
As the histamme concentration m the circulation gradually diminishes 
so collapse symptoms become evident The experiment shows that the 
important factor m this collapse is the ratio of the artenal mflow to the 
venous dramaway, not the absolute amount of either factor, venous or 
arterial, m the resistances mterposed 

Dale has described the wheal produced on the surface of the pan- 
creas after pamtmg with histamme solution This phenomenon m the 
light of these experiments may be ascribed to constnction of venules 
m the presence of an adequate blood-pressure In confirmation of this 
view I find that the sunultaneons administration of papaverme, a drug 
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explained by tbe loir blood-pressure, for if a short loop of intestine m 
a normal aneestbetised cat be ligatured at either end and its vein occluded 



Fig 5 Cat Urctiiane Shows the effect on the blood pressure of occluding by pressure for 
30 minutes the inf vena cava and portal vein. 


for 30 mmutes, no great alteration of general blood-pressure occurs, but 
post mo) lem the mtestme is plum coloured, oedema of the mucous mem- 
brane IS obvious, and punctate haemorrhages are seen under the peri- 
toneal surface of the gut here the sustained general blood-pressure 
accoimts for tbe higb capillary pressure and consequent oedema 

Tbe fall of blood-pressure durmg occlusion of large vems is easily 
e 2 q)lamed Krogh(8) has emphasised the great capacity of distended 
capillanes The animal “bleeds mto its own capillaries” and the effective 
volume of circulatmg fluid is so dimmished as to cause the fall m blood- 
pressure observed The permanent low blood-pressure and collapse 
foUowmg after release from prolonged obstruction of great vems is also 
easy to explam Here resdiency of vascular tissue, which is effective 
m retummg the pent-up blood after obstruction of short duration, be- 
comes meffective Such resiliency would appear to be m the capillary 
region and may be the effect of the tonus, either of Rouget cells or of 
the capillary wall itself Perhaps, under prolonged distention, such 
tissues may lose their tone If this be so the condition is analogous to 
that which obtains durmg digital dilatation of the anus and other 
sphmcters Such response to abnormal and contmued distention may 
be inherent m plam muscle Many explanations of the collapse followmg 
mechanical obstruction of vems might be offered, it deserves further 
investigation The action is peripheral since the same result occurs m 
the pithed animal imder efficient artificial respiration 
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this fluid and 2 mgrm o£ lustamme phosphate dissolved mice of the 
same fluid was mjected mto the arterial tnbmg Under these conditions 
the first effect of the histamme ivas to dimmish the fioiv bj- a half, this 
phase u-as followed by a greatly mcreased flou- the higher the perfusion 
pressure at the commencement of the experiment the greater iras this 
mcrease 

The foUomng experiment illustrates these effects 

Cat Pithed, bled. Perfusion flmdl part defibnnated blood, 2 parts oivgenated Ringer, 

adrenaline 1 in 1,000,000 Loop of bowel perfused, flow recorded in drops dnnng con 
secuhre 30 seconds. 

1 Perfusion pressure, 60 mm. of merourv 

Before lustamme 13 12 12 

After hist, phosph. 2 mgrm. S 6 6 6 S 11 13 14 1 / IS IS 

2 Perfusion pressure raised to 100 mm. of mercury 

Before histamine IS IS IS 

After hist, phosph. 2 mgrm. 13 10 IS 32 40 53 

It thns appears that unth doses of histamme mnch larger than those 
used by Dale there is a first phase of dunmished outfloiv foUoired by 
a second vnth great mcrease of ontfloiv It is reasonable to think that 
under the conditions of Dale’s experiments, viz a perfusion pressure 
of 165 lUTTi of mercury and such a small dose as 0 01 mgrm of histamme, 
the first phase might he less obvious, m fact only represented by the 
prelunmary phase of mcreased volume, the mcreased outflow showing 
itself after a prelnmnary latent period 

2Iy precedmg observations suggest that this first phase is a venous 
ohstmction It now becomes necessary to dete rmin e if mechamcal 
obstruction of veins, under the conditions of Dale s experiments, might 
lead to an mcreased flow of perfusion flmd 

The foUowmg experiment resembled the precedmg m all respects 
except that a perfusion pressure of 140 mm of mercury was emploved 
and histamine was not used, but the apparatus was arranged so that 
the rubber tnbmg on the vem cannula could be gradually occluded bv 
a screw clamp After a number of tnals it was found that a certam 
degree of obstruction mcreased the flow Recording drops per minute 
with the outflow tube fully open, the readings were 10, 10, 10 After 
slightly screwing down the clamp the readings remamed 10, 10, 10 
On further slight mcrease of obstruction the readings became 12, 12, 1^ 
The clamp was now screwed down until a momentary stoppage’ onflow 
occurred, the clamp was immediately released sufficientlv to aUow a flow 
of 9, 9, 10, 10, 10 The obstruction was agam mcreased by screwme the 
clamp down until the readmgs were 5, 5 No further alteration of the 
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■whicli paralyses plain muscle, delays the onset and checis the amoant 
of wheal formation on the skin 



Fig (3 Cat. Urethane Blood pressure, lower curve, respiration, upper curve Shows the 
effect of an intravenous injection of 150 mgnti hist, phosph in 15 c c. Emger After 
a prehjninftiy fall in blood pressure and temporary failure in respiration the Wood 
pressure rises The condition of the animal 45 mmntes later is shomi In B ShortU 
after this artificial respiration was required. O shows the condition IJ hours after thr 
mjeotion, natural respiration had returned. Fifteen mmntes later respiration finnlli 
failed and the animal died, tinder artlfioial respiration, 2J- hours after the injection 
m a state of profound collapse 


Oue (hfficixlty m accepting this simple explanation of histoinine 
action IS that m the experiments of Dale and his collaborators on the 
limb of the cat artificially perfused with fluid containing adrenaline 
lustamme was shown to cause mcrease in the limb volume and m the 
venous outflow 

The followmg experiments differing m certam details from those 
under discussion throw some hght upon thena A cat was pithed and its 
defihrmated blood diluted with oxygenated Ringer, and arenalmc added 
to a concentration of 1 in 1,000,000 A loop of bowel nas perfused with 
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this fluid and 2 mgrm of histamine phosphate dissolved mice of the 
same flmd was mjected mto the arterial tuhmg Under these conditions 
the first effect of the histamme was to dimmish the flow by a half, this 
phase was followed by a greatly mcreased flow the higher the perfusion 
pressure at the commencement of the experunent the greater was this 
mcrease 

The foUowmg experiment illustrates these effects 

Cat. Pithed, bled. Perfusion fluid 1 part defibnnated blood, 2 parts oxygenated Ringer, 
adrenaline 1 in 1,000,000 Loop of bowel perfused, flow recorded m drops during con 
secutive 30 seconds. 

1 Perfusion pressure, 60 mm of mercury 

Before bistamine 13 12 12 , , ..r. 

After hist, phosph. 2 mgrm. 8 6 b 6 S 11 13 lA 17 18 IS 

2 Perfusioii pressure raised to 100 mm. of mercury 

Before histamme IS IS IS 

After hist, phoaph. 2 mgrm 13 10 IS 32 40 53 

It thus appears that with doses of histamme much larger than those 
used by Dale there is a first phase of dimmished outflow followed by 
a second with great mcrease of ontflow It is reasonable to think that 
under the conditions of Dale’s experunents, viz a perfusion pressure 
of 165 mm of mercury aud such a small dose as 0 01 mgrm of histamme, 
the first phase might he less obvious, m fact only represented by the 
prehmmary phase of increased volume, the mcreased outflow showing 
itself after a preliminary latent period 

My precedmg observations suggest that this first phase is a venous 
obstruction It now becomes necessary to determme if mechamcal 
obstruction of veins, under the conditions of D ale’ s experiments, might 
lead to an increased flow of perfusion fluid 

The following experiment resembled the precedmg m all respects 
except that a perfusion pressure of 140 mm of mercury was employed 
and histamme was not used, but the apparatus was arranged so that 
the rubber tubmg on the vein cannula could be gradually occluded by 
a screw clamp After a number of trials it was found that a certam 
degree of obstruction mcreased the flow Recording drops per minute 
with the outflow tube fully open, the readings were 10, 10, 10 After 
shghtly screwing down the clamp the readings remamed 10, 10, 10 
On further slight mcrease of obstruction the readmgs became 12, 12, 12 
The clamp was now screwed down until a momentary stoppage of flow 
occurred, the clamp was immediately released sufficiently to aUow a flow 
of 9, 9, 10, 10, 10 The obstruction was again mcreased by screwmg the 
clamp down until the readmgs were 5, 5 No further alteration of the 
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clamp was made After 5 mmutes tlie outflow was 7, 8, 10, 9, and after 
a further 5 mmutes it became 16, 16, 19, 28, 34 From this it appears 
that under these special conditions mechanical obstruction of veins ms} 
lead after a suflicient latent period to increased flow, and that within 
Imuts the greater the obstruction the greater the mcrease of flow, but 
also the longer the latent period The significance of the favouring 
conditions, high perfusion pressure, preliminary treatment with adrena 
Ime and the use of a corpuscular fluid needs further comment The 
resistance to the circulation of the blood through a system of capfllaries 
is determmed by the friction of the fluid and its contents agamst the 
capillary walls 

Moderate constriction of the venous outflow, whilst placmg a further 
and direct resistance to the outflow also by mild dammmg back, 
diminishes the internal resistance of the capillaries by dilating them It 
IS conceivable, with a high arterial pressure under the conditions 
enunciated, that the venous constriction may be the means of dimmishmg 
the resistance of the veno-capillary system taken as a whole Such an 
effect IS necessardy enhanced by the red corpuscles m the perfusion fluid 
and a good arterial pressure is an essential factor Further, if this e\ 
planation be valid, it imphes that m any capiUary there should be what 
may be described as two critical pressures not far apart, with the lower 
critical pressure as well as with aU pressures below it the corpuscles are 
gripped by the capillary wall, with a consequent high resistance to the 
flow through them , with the higher critical pressure and those above it 
the^orpuscles are fiee to pass easily, resuJtmg in a low resistance to flow 
It follows from this that additional resistance m the vems will mcrease 
flow when the capillary pressure is in the region of these critical pressures 
Further, when the capillary pressure is far below or above these critical 
pressures, then mcreased resistance m the veins wdl dunmish flow These 
considerations account for the erratic behaviour m perfusion eypen 
ments, where m the same preparation sometimes the Dale phenomenon 
IS obtamed, while at other tunes the opposite effect occurs 

It IS a pleasure to acknowledge the advice and help of Dr E 
Dixon throughout this research 

Co^cLrrsIo^^s 

1 Histamme m low concentrations constricts the vems, leaving the 
arteries unaffected Such constriction leads to passive dilatation o 
capillaries 
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2 Long continued occlusion of great veins leads to permanent 
relaxation of capillaries 

3 Evidence is produced to show that histamme shock is best ex- 
plamed by venous constrictaon 

The expenses of this Te‘=eaTch were partly defrayed by a grant from the British iledica 
Association. 
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THE ACTION OF ALCOHOL UPON CONDUCTION 
IN THE AURICLE OF THE TORTOISE 
By ALBIN SELI§KARi 


{From the Department of Pharmacology, University College, London ) 


The "writer hae deterimned the influence of alcohol upon the rate of 
conduction of the "wa've of excitation m isolated strips of the auricle of 
the tortoise The method employed has been described m detail in a 
pre"viou8 paper (1) The strip of auricle "was suspended m a hath of 
Bmger’s flmd, and was stimulated electrically at one end -with periodic 
induction shocks, and the electrical and mechamcal responses were 
measured at two or more pomts along the stnp The measurements 
obtained m a single typical expenment are sho-wn m Table I 

Table I The action o£ ethyl alcohol (1 Mol ) on the rate of conduction 
m an isolated stnp of tortoise aunole 

(Distance between recording electrodes a~b, 24 mm Frequency of oontmotions, 

19 per mm ) 


Time 



Interval 



siace 



between 


Height of 

excision 


electrical 

Rate of 

of the 


Time of 

changes at 

conduction 

mechanical 

auncle 


action 

electrodes a-b 

m mm 

response 

h m 

Flmd 

in mins 

m secs 

per sec 

m mm 

27 00 

Normal Rmger 

20 

0 25 

90 

20 

27 11 

Rmger + Ethyl alcohol 
IMoL 

1 

0 276 

87 

4 


Normal Ranger 

10 

— 

— 

— 

27 32 

Rmger + Ethyl alcohol 
iMoL 

2 

0 41 

69 



Normal Rmger 

13 

— 

— 

03 

27 68 

Rmger + Ethyl alcohol 
lilol 

3 

1 15 

21 

28 24 

Normal Ringer 

10 

0 22 

no 

23 


The results of a senes of expenments are sho-wn m Table II In this 
table the results axe expressed as percentages of normal action The 
figures m Table 11 show that the alcohols depress the force of contraction 
far more powerfully than they depress the rate of conduction The rates 
of action on conduction of ethyl alcohol (1 Mol and 0 5 Mol ), u-butj 


1 Fellow of the Rockefeller Foundation. 
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T»-ht.t: IL Tie achon of vanous alcoiols upon the rate of conduction and force 
of contraction of erased Btnps of tortoise auncles. 


(Contractions of less than 


No of 


Molecular 

dperunent 

Drug 

concentration 

NX 

Ethyl alcohol 

10 

XX 

ft 

t$ 

XX 

n 

»l 

XX 

n 

f 

XX 

T* 

if 

X 

n 

rf 

XVI 

n 

rf 

xvn 


yy 

XXIII 

rt 

05 

xxm 


#f 

xxm 

71 Butyl alcohol 

0 02 

XXTTT 

» 

f 

xxEH 

If 

ff 

xxm 

1 

0-03 

xxm 


t 

XXIV 

n Amvl alcohol 

0-02 

xxrv 


f 


5 THTn. are EhoTvn as 0 ) 




Height of 

Time of 

Rate of 

mechamcal 

action 

conduction 

contraction 

in mins. 

(Normal =100) 

(Normal =100) 

1 

S7 

17 

1 

94 

13 

2 

56 

S 

3 

21 

2 

4 

No electrical 

0 


variation 


4 

S9 

11 

3 

76 

8 

5 

56 

8 

2 

62 

20 

5 

44 

0 

1 

9S 

0 

3 

93 

0 

o 

S6 

0 

3 

S7 

0 

4 

S9 

0 

1 

6S 

0 

3 

51 

0 


alcotol (0 02 !iIol ), and n-amyl alcohol (0 02 Mol ), are shotvn m Fig 1 
These graphs give, of coarse, only approximate values and no mathe- 
matical treatment can be attempted. The figure shows, however, that 
an equal efiect is produced on conduction by 0 5 Mol ethyl alcohol 
and 0 02 MoL n-amyl alcohol This gives a ratio of activity of 1 to 25, 
which 15 similar to the ratio between ethyl alcohol and iso-amyl alcohol 
found by V ernon( 2 ), who measured therr action m reducing the amph- 
tude of contraction of the torteise ventncle 

Some of the experiments mdicated a progressively mcreasmg dimmu- 
tion of conduction of the wave of excitation m the aunde after alcohol, 
but further observations designed to test this pomt, although not con- 
clusive, gave evidence more m favour of a uniform decrease m conduction 
through the whole length of the auricle Fig 2 shows some of the results 
obtamed 


RFFEREXCES 

1 Seliskar This Joum. 61. p. 172, 1926. 
2. Vernon. Ibid. -11 p. 194. 1910 
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time of action 

Fig 1 The action of ethyl, n butyl and n amyl alcohols on the rate 
of condnotion in the tortoise annole 



Fig 2 The action of n amyl alcohol on the rate of condnotion in tho tortoiM 
Ordinates distance in mm from stimulatmg electrodes. The figures I II nnn 
indicate the position of tho recordmg electrodes Abscissai time at which tho a o''c 
excitation reaches the electrodes. 




ON THE INFLUENCE OF HYDROGEN ION CON- 
CENTRATION AND OF ANOXEMIA UPON THE 
HEART VOLUME 

Br H GREilELS {BodefeTler FeRoic) a^td E BL STARLING 

{From the Department of Physiology and Biochemistry, 

Unitersity College, London ) 

I>- tEeir eady "n-ork on the Eeart-lung preparation Jernsalem and 
Starling(i) fonnd tEat administration of carbon dioxide cansed a 
dilatation of tbe heart PattersonP), contmmng this investigation, 
fonnd that adrenaline exercised an antagonistic action to the carbon 
dioxide, and that CO, cansed an increase m the heart volnme accom- 
panied by a decrease in the minnte ontpnt This decrease vras small 
■with moderate percentages of carbon dioxide (8 p c ), but a larger efiect 
was produced mth higher percentages IC e thought it -worth -while to 
take up this question agam, making a more detailed examination of the 
pH and the gases of the blood 

Methods All the experiments have been earned ont on dogs nsmg 
the heart-lung preparation. The ontpnt of the left ventncle -was deter- 
nuned bv measuring the amount of blood flowing out on the venous side 
of the resistance This did not mclnde the coronary fio-w, -which -was 
determmed by mtroduemg a ilorawitz cannula mto the coronary smus 
According to 3Iark-walder and Starbng(3) this drains three-fifths of 
the coronarv blood The heart volume -was recorded on a kymograph, 
usmg Palmer’s large piston-recorder connected -with the cardiometer 
bv air transmission, in those experiments m -which the coronary flow 
was measured, much care had to be taken that the edge of the cardio- 
meter did not obstruct the coronary smus A cannula mtroduced m the 
mfenor vena cava was connected with a water manometer It seemed 
to us that the most natural wav of altering the pH of the blood was to 
add greater or less amounts of CO, to the air used for artificial respirabon. 
To ehmmate the slowing efiect of CO, on the heart rate we drove the 
heart at a constant rate -with weak faradic stimulation of the smo- 
auncular node The hydrogen-ion concentration was estimated colon- 
metncally by the method of Dale and Evans(4) Detenrunations of the 
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carbon dioxide content of the blood were made partly by Van Slyke’s 
volumetric method, and partly with the new manometnc apparatus 
designed by Van Slyke and Neil 1(6) For the estimation of oxygen 
saturation the Haldane method was used The gas mixtures employed 
for the ventilation of the lungs were made up m Douglas bags of a 
capacity of 27 cubic feet (760 htres) In order to keep the blood well 
oxygenated we added 20 p c of oxygen to the mixture for most experi- 
ments To detemune the influence of anoxserma upon the heart volume 
a mixture of air and nitrogen or pure mtrogen itself was supphed 

Influence of carbon dioxide on the heart volume It is well known that 
in the heart-lung preparation we have a condition of acapma This must 
be ascribed partly to the excessive ventilation of the lungs, partly to the 
disproportion of the amount of blood and the COj-producmg tissues 
Owing to this the pH of the blood is considerably higher than m the 
normal animal and vanes from 7 50 to 7 93 A typical experiment is 
shown m Table I and Fig 1 It wfll be seen that the pH shows a wide 
vanation accordmg to the percentage of COj m the respiratory mixture, 
we did not estimate the actual COg content of the alveolar an The lower 
the pH the greater is the volume of the heart With 4 6 p c COg m the au 
breathed the pH goes down from 7 93 to 7 40, while at the same time 
the heart volume mcreases 12 c c (The volume of the ventncles m our 
expenments ranged from 83 to 102 c c ) The dilatation affects both the 
systohc and the diastohc volumes Usmg 7 7 p c COg m the air breathed 
we obtained a greater effect, the heart volume mcreasmg by 26 c c The 
output of the left ventricle was dunmished with this percentage of CO,, 
while 4 6 p c had no influence on the output Similar results were 
obtamed m every other experiment The dilatation is dependent on the 
decrease in the pH of the blood produced by the higher concentration 
of COg m the air breathed The absolute effect vanes from dog to dog, 
but IS constant for any one preparation 

To determme whether other acids produce a similar effect we added 
hydrochloric or lactic acid to the blood It will be seen from Table I 
that the addition of 20 c c njlO HCl lowered the pH from 7 90 to 7 68 
and caused an increase m the heart volume of 8 c c The same lowenng 
of the pH when produced by carbomc acid had a greater effect on the 
heart volume, mcreasmg it by 12 c c The explanation of this will be 
diseussed later 

The influence of the pR on the coronary floio HiltonandEichhoItz(0) 
demonstrated the effect of pH on the coronary vessels m the heart-lung 
preparation They foimd that the addition of CO, to the air breat e 
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Tabus I. E5ecta of change^ of pH on the h^^art Toltmie 
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caused dilatation of the coronarv vessels and an increase m the coronarj- 

flow We are able to confirm this from our experiments, as can be seen 
from Table I 

Tme relation, helieeen the apphcation of C0„ the change m pKani the 
heart i ohme The heart volume responds immediatelr to a chan«^e m pH 
of the blood Hsuallv the dilatation reaches its maximum m twoto three 
minutes after the admimstration of CO, After this the heart volume 
remains Eteadv so long as the same ventilation mixture is used The 
effects of removal of CO, ^how the same time relations, the heart volume 
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retummg to the same pomt as before the administration of the CO, 
mix ture In some cases the heart volume does not completely recover, 
but this IS probably dependent on the general condition of the heart 
When the heart is m good condition it always recovers completely on 
the other hand, a heart m bad condition does not recover completely, 
as can be seen from the mcreasmg venous pressure and coronary flow 
The carbon dioxide content and the pS of the blood take considerably 
longer m reaching a steady level The maximum change is obtamed m 
10 mmutes, but after this they remam constant The fall m the carbon 
dioxide content and m the pS of the blood, after the removal of the COj 
m i x ture, occurs more rapidly When the pH is changed by the addition 
of hydrochloric acid m place of COj, the heart behaves m a surular 
maimer but with a difference m degree It can be seen from Table I 
that when 10 c c of n/10 HQ were added the pH had dropped after 
4 minutes from 7 90 to 7 69, but no dilatation occurred The addition of 
a further 10 c c of the same acid lowered the pH to 7 68 and caused a 
dilatation of 8 c c This mterestmg difference between the physiological 
effect of carbon dioxide and of another acid agrees with the findmgs of 
other authors workmg on different problems J acobs(7), m his study of 
the action of carbon dioxide on mfusona, was able to show that this 
acid has a greater effect than any other acid The greater penetratmg 
power of CO 2 for the cell membrane is generally regarded as the cause of 
this phenomenon Similarly, Hartree and Hill (8) have concluded that 
CO 2 penetrates the cell walls of a skeletal muscle and causes a lowermg 
of pH more qmckly than other stronger acids 

Influence of anoxmmia In several expenments we exammed the 
influence of anoxsenua upon the heart volume For this purpose pure 
mtrogen was used for the respiration, and when a slower development 
of anoxffimia was required this was preceded by mtrogen containmg an 
admixture of 6 p 0 of oxygen The results of a typical expenment are 
shown in Table II and Fig 2 We observe that the degree of oxygen 
saturation has no influence on the heart volume until it has dropped to 


about 40 p c At this pomt dilatation occurs and contmues to mcrease 
as the oxygen saturation falls to 8 6 p c But under these circumstances 
the heart soon begms to fail, as is shown by a fall of blood-pressure and 
irregulanty of the heart beat when the oxygen saturation falls lower than 
10 p c A glance at the column giving the figures for the coronary flow 
shows a progressive increase, first remarked by Markwalder an 
Starling The behaviour of the heart dunng anoxromia shows that 
mcrease m coronary flow (with a coronary cannula inserted) has no 
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Tabm IL Effect of anoxienua on the heart volnme. 
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demonstrable influence on the heart volume In all the expenmenta m 
vfhich ive produced want of oxygen we see a large increase m the coronary 
circulation without any change in the heart volume Only when the 
oxygen saturation falls below 40 p c does the heart dilate On the other 
hand, administration of COj. causes a smaller effect on the coronarv 
circulation but an immediate dilatation of the heart We conclude 
therefore, that it is the action on the heart muscle itself which causes 
alteration of the heart volume 
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The pS du n Ti g auoxfflmia shows a shght increase when the oxygen 
saturation reaches a low level, while the carbon dioxide content of the 
blood remains steady or increases shghtly It has been shown by 
B[asselbaIch( 0 ), Christiansen, Douglas and Haldane{iO), A V 
lIill(U) and Parsonsfisj that oxyhsemoglobm reacts more acid than 
reduced haemoglobin It may be that this is the cause for the shifting 
of the pH. to the alkahne side during anoxaemia Our findmgs ivith regard 
to the relationship between anoxaemia and heart volume do not agree 
with those of Takeuchi(i3) Uis method of measuring the heart volume, 
namely, by means of a cmematographic record of the heart’s surface, 
cannot be as accurate as the cardiometer Takeuchi finds that the most 
pronounced influence occurs when the oxygen saturation drops from 
100 pc to 80 p c , a less marked influence bemg observed m the more 
severe degrees of anoxaemia Takeuchi used the whole animal, whereas 
we are deahng with only the isolated heart, which is mdependent of any 
nervous influence In his experiments we notice the remarkable efieot of 
oxygen want on the heart volume m the higher stages of oxygen satura- 
tion We are mclmed to ascnbe his results to the influence of the 
anoxaemia, not on the heart muscle itself, but on the central nervous 
system As it is well known, the central nervous system is sensitive to even 
shght degrees of anoxaemia, with stimulation of the vagal and vaso- 
motor centres as a result This stimulation of the vagi slows the heart 
beat and, m order to keep the output of the heart constant, the volume 
of blood thrown out per beat hais to be greater than before and the heart 
therefore dilates In this way we can explam Takeuchi ’s results Only 
m the heart-lung preparation can we observe the pure influence of any 
one factor, such as anoxaemia, on the heart muscle 

The injluence of the pH of the blood on the heart rate We know from 
the work earned out m this laboratory that COj has a slowmg effect on 
the heart rate In order to avoid this we drove the heart at a constant 
rate m most of our experiments In some of them this procedure was 
omitted m order that we might observe the influence of COj on the heart 
rate As may be seen from Table III, the heart rate falls from 144 to 
124, mth a drop in pH of the blood from 7 67 to 7 38, brought about by 
admimstration of COg Throughout these expenments the temperature 
was mamtamed absolutely constant Andrus (14) measured the con 
duction time m the heart muscle under varying hydrogen-ion concentra- 
tions and found that the rate of transmission was lowered as the pH o 
the fluid used to feed the heart was dimimshed On the other hand, on 
raismg the pH he found that the conduction time was quicker than 
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Tabie DX Effect of changes of pH on the heart rate 
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before He gives the foUoivmg explanation the rhythm and the con- 
duction time in the cardiac tissue are normally determmed solely or m 
large part by the pH of the Burroundmg flmd It is considered that the 
excitatory process m the heart, as m other rmtable tissues, represents 
a disturbance of lomc eqmhbnum between ceU contents and tissue flmd, 
and that conduction is due to the direct stimulation of ad]acent tissue 
by the disturbance so developed at the pomt ongmally excited 

Anoxseima does not affect the heart rate mtil the oxygen-saturation 
reaches a very low percentage "When or soon after this pomt is reached 
heart block frequently occurs 


Discussion 

From the foregoing experiments we see that alteration of the 
hydrogen-ion concentration to the acid side causes a dilatation of the 
heart The degree of the ddatation depends on the strength of carbon 
dioxide used m the air mixture for ventilation m order to change the 
pH W e find that the heart volume attains its maximum withm 3 imnutes 
after beginnmg the ventilation with COo, whereas the pH of the blood 
contmues to fall for about 10 mmutes The explanation hes probably m 
the buffermg mechamsm between blood and tissue When the COg 
content of the blood rises to such an extent that the buffermg power of 
the blood itself becomes insufficient, there is a passage of tissue-alkah 
from tissues to blood. On the other hand, COj enters the heart muscle- 
cells, and both these factors are responsible for the change m the actual 
reaction of the heart muscle which bnngs about its dilatation 

Our experiments do not explam why the equihbnum m the heart 
muscle is estabhshed earher than m the blood This can be done only 
by an investigation of the relative influence exerted by the blood and the 
tissue respectively on the buffenng process 

The behamour of the heart volume durmg anoxiemia shows that. 
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up to a considerable degree of desatnration of the blood, the heart still 
takes up sufficient oxygen for its needs, partly by increasmg the flow 
through the coronary vessels, partly by increasing the coefficient of 
utihsation, as was pointed out by Hilton and Eichholtz Thusitshows 
no signs of dilatation until the oxygen saturation falls to about 40 p c 
But a pronounced dilatation, often associated with heart block, sets m 
with oxygen saturataons lower than 10 p o 

Conclusions 

1 The isolated mammahan heart dilates when the hydrogen-ion 
concentration of the perfusing blood increases 

2 The degree of dilatation is dependent on the nse of hydrogen-ion 
concentration 

3 Anoxaemia has no influence upon the heart volume untfl the oxygen 
saturation falls to about 40 p c 

4 The dilatmg influence of anoxsenua is most pronounced below 
10 p c oxygen saturation At the same tune signs of heart failure occur 

6 During the lower degrees of anoxaemia the becomes shifted 
to the alkalme side by about 0 02 

We wish to express our thanks to Mr R A Nash, who kmdly 
assisted m perfor min g the experiments 
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THE CONDUCTION OF A NERVOUS IMPULSE 
IN A NARCOTISED REGION OF NERVE 

By sybil COOPER {George Henry Lewes Student) 

[From the Physiological Laboratory, Cambridge ) 

Uytil challenged recently by Katod) in Japan and EoTbes(2) in 
America, it ivas taken as an established fact that, rchen subjected to 
narcosis or other depressing mflnence, a nerve conducted vnth a decre- 
ment, or to quote Keith Lucasp) “The nervous impulse undergoes 
a change which mcreases with the distance travelled through the nar- 
cotised nerve This change we may, if we wJl, speak of as a reduction 
in strength or mtensity , but we ought to have clearly before our mmds 
that the actual change observed is reduction of the abihty to be con- 
ducted through narcotised nerve” These conclusions are based on a 
long senes of experiments startmg with those of Grunhagen(4) m 1872 
and cuhnmatmg m the work of the Verwom school m Germany and of 
Lucas and Adrian m this country But Kato and his co-workers have 
put forward experiments from which they conclude that nerves m a 
state of depressed conduction do not conduct with a decrement 

, Kato deals first with the type of experiment m which different 
lengths of nerve are narcotised at a uniform rate It is generally stated 
that the tune necessary to suspend conduction through the narcotised 
area becomes shorter as the length of nerve is mcreased Kato fails to 
confirm this result and finds that m comparmg difierent lengths of the 
two sciatica of the Japanese toad, conduction fails at the same time 
whatever the lengths narcotised, provided only that these exceed 6 mm 
His controls with equal lengths of nerve show vanations of as much as 
20 p c , this error seems to be unaccounted for m his experimental results, 
which otherwise show a very close agreement In deahng with the effect 
of narcotics on very short lengths of nerve, he proves that the shortest 
or lunit length of nerve that can be narcotised adequately is about 
6 mm and that m shorter lengths than this the results are comphcated 
bv spread of the stimulus to normal nerve and diffusion of the external 
Rmger solution mto the narcotic, thereby lowermg the depth of narcosis 

He objects to the usual method of testmg for the spread of the stimu- 
lating current by hgatmg the nerve at different distances from the 
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electrodes, since the effects of the hgature hinder the spread of the 
current to the nerve beyond He proves this point by cutting or bunung 
the nerve and shows that an electric stimulus may be effective owing to 
spreadmg when cuttmg or bummg has no effect But m order to obtain 
quantitative results on current spread, he uses a method depending on 
the determination of the conduction tune from kymograph records of 
the latent period, and the accuracy of this method is not great 

In other experiments he finds that the length of narcotised nerve 
makes no difference to the size of the contraction, to the size of the 
negative variation or to the least mterval for muscular summation The 
mcrease m this mterval found by Adrian and Luca8(5) he ascribes to 
a uniform slowung of the rate of recovery from the refractory state 
Kato’s work has been criticised by Ishikawa(6), who has repeated 
many of the experiments and obtamed results contrary to those of 
Kato, he considers that the stimuli used by K a to were much too strong 
On the other hand, F orbes and Davis(2) have measured the size of the 
action current m the peroneal nerve of the cat m alcohol narcosis, they 
state, m agreement with Kato, that there is a uniform decrease m the 
size of the action current along the nerve durmg narcosis, and therefore 
there must be no decrement m conduction 


Investigation of current sfread 

In view of the fact that Kato has criticised work m which duo 
attention has not been paid to current spread, it was thought advisable, 
before proceedmg further with work on decrement, to make a quanti- 
tative mvestigation of the spread from the electrodes m use Lucas 
quoted some figures for his glass fluid electrodes (T), where the nerve 
passed through a small hole, and also for his electrodes for an imcut 
nerve (s) In the latter case he required an mcrease of threshold strength 
to 50 tunes the normal value to get a spread of 2 mm The slot fluid 
electrodes used m the present work were of a similar nature to these, 
but I had reason to suppose that the spread was slightly greater 
Lucas’ results were obtamed by bgaturmg the nerve, and as Kato has 
criticised this, it was thought better to use a method dependmg on e 
rate of conduction which was measured by the plan adopted by Lucas(9) 
m his experiments on alcohol 

A frog’s sciatic-gastrocnemius preparation was placed m a cham er 
similar to that shown m Fig 1 There were four slot electrodes A, , 
and D and the preparation was m Bmger solution Descendmg ra® 
shocks were used as stimuh, two mduction coils were arranged so a 
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tke first could stunulate -at all four electrodes, aud tlie second only at 
electrode A Tke strengtli of stimulus could be varied by resistance boxes 
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m tbe primary circuits and tbe stimuli -were debvered by a Lucas 
piendulum In cartymg out an experiment, the least mterval for muscular 
summation vras found at electrode A, usmg a second stimulus of ten times 
the threshold strength and varymg the strength of the first stimulus 
This variation vras usually found to make no drfierence to the value of 
the least interval after the strength had reached three tunes the threshold, 
if the first stimulus ivas greater than 15 or 20 tunes the threshold the 
least mterval vras found to he a httle smaller Probably for stimuh 
under three tunes the threshold the response vras not "wholly maximal 
and when the stimulus was made strong the response was not always 
simple FoUowmg Lucas’ method(9) for measurmg the rate of con- 
duction, the first stimulus was sent m at each of the other electrodes 
-and at each electrode the strength was varied between three and fifteen 
tunes the threshold strengths It was assumed that m each case the "true 
rate of conduction could be calculated when the first stimulus was "three 
tunes the threshold and that any decrease m the least mterval for 
greater strengths was due to current spread 

The method of calculation is shown, takmg figures from an actual 
experiment, and denotmg the threshold strength as 9 

If a secs = least mterval at A when first stimulus = 30 

» ^ » = i> B „ = 30 

” ^ ~ )> B ,, = 250 

and AB = i cm 

Then m 6 — a secs impulse covers x cm 


m c — a 


J) 


)1 


x{e-a) 

b~a 


cm 


for a stunulus p0 the spread cm 

Temp 11° C fl = 000348 sec 
b = 0 00516 sec 

c = 0 00508 sec when first stunulus = 100 
1 = 25 cm 
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spread = 25 — 


2 5(0 00608-0 00348) 
0 00516 -0 00348 


cm 


= 0 12 cm 


The mean result for five experiments gave a spread of 1 6 mm for 
a stimulus of ten times the threshold value (14 determinations) and 
a spread of 2 1 mm for a stimulus of fifteen tunes the threshold 
(9 determmations) A few observations were made with platmmn elec- 
trodes, they were too few to quote the result, but they showed clearly 
that the condition of the nerve is important The nerve must not be 
allowed to dry, nor must the moisture on it be excessive, for in either of 
these cases the escape may vary a great deal and lead to mexplicahle 
results, this conclusion is confirmed m experiments m which a gas is 
passed over the nerve the gas must be saturated with water vapour 
and tl)e flow of gas must not be so great that it tends to dry the nerve 
While deahng with current spread it may be as well to emphasise 
the fact agam that with a bull frog’s nerve such as was used by K ato, the 
escape is much greater than with a green frog’s , E r 1 a n g er and 6 a s s e r (lO) 
quote actual figures showmg that whereas with a green frog’s nerve 
there is httle or no escape, with that of a bull frog there may be as much 
as 10 mm escape From observations m the course of experiments it 
was concluded that with slot electrodes the local condition of the nerve 
plays some part, but never to the extent of causmg a spread of over 
3 mm for a stimulus ten tunes the threshold strength, a good stretch 
of nerve fittmg the slot weU will occasion httle or no spread 


Conduction in alcohol 

Havmg satisfied myself that slot electrodes were eminently suitable 
for experiments in which current spread was particularly to be avoided, 
I proceeded to mvestigate the state of a nerve m narcosis, usmg a 
solution of alcohol as a narcotic and the same chamber as that shown m 
Fig 1 The slots were 8 mm apart m the earlier experiments, and in 
the later they were altered so that A and B were 116 mm apart and the 
others 8 mm , this was done because the stunuh from B were apt to take 
effect on normal nerve, as shown m control current spread experiments 
But even with the longer length of AB it was impossible entirely to 
overcome this It was due probably not to a spread of the stunulus but 
to a diffusion of the Ringer solution m the muscle chamber tendmg to 
lower the degree of narcosis at the peripheral end of the narcotise 
stretch The slots at A and E were plugged with vaseline and the muse c 
and the central end of the nerve were m Rmger solution during c 
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xvkole of tke e^enment, -tke part of tke nerve between A and S conld 
be covered Tvitli Emger or alcobol solution at TViU Tbe stiniulatuig 
apparatus was tbe same as that described on p 307 except that the 
stimuli could both be effective at all the electrodes so that the least 
mterval could be measured at each electrode 

In most experiments the procedure was to record the threshold, the 
least mterval for muscular summation and recovery curve, where 
possible, at each of the slots B, C and D The threshold and least 
mterval at A were also measured at the beginning and from tune to 
tune dunng the expemnent, if these remamed constant, it was a good 
mdication that the alcohol was not leakmg at A As soon as the nerve 
had reached a steady condition the Rmger solution was replaced by 
alcohol dissolved m Rmger Various strengths were used between 5 p c 
and 10 p c , a 5 p c solution caused fandy rapid loss of conductivity and 
was useful for determining the ffnal values of the least mterval and the 
tune taken for the nerve to become mexcitable A6pc orTSpc 
solution was used most often smce one of these would generally cause 
the nerve to reach a steady state m which recovery curves could be 
recorded, these may not be quite comparable with those obtamed when 
the least mterval is changmg, but very often with alcohol the changes 
are very rapid, and it is impossible to get any reliable curves An ex- 
periment was only taken mto account if the thresholds kept more or less 
together at the start and later mcreased m smooth curves , if the threshold 
at one electrode was obviously different from the others, or the mcrease 
was erratic, then it was assumed that for some reason the nerve was 
bemg unequally narcotised and the results were discounted 

Fig 2 shows the results of an experiment m graphical form The 
upper curves give the least mterval for muscular summation at the 
three electrodes, and the lower ones give the threshold values The 

observed values of the least mterval are shown, but the thresholds are 
ot, normal valne before nareosis , , , 

as ^^d the normal value is expressed as 

unity All the curves show the prehmmary fall which is associated with 
the apphcation of narcotics, then at about 4 mmutes after the alcohol is 
put m all the curves show a nse At electrode B, l-lo cm from the 
normal part of the nerve, the threshold rises, showmg that the nerve is 
becommg narcotised, but the least mterval only shows a very small nse 
and then remams steady, probably mdicatmg that the impulses qmckly 
reach a less narcotised portion of the nerve after leavmg B At 0 and D 
the thresholds and least mtervals both nse and m the experiment shown 
m Fig 1, conduction failed completely from C and D, but it did not fad 
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In Table I the results of nine experiments are shown In constructing 
the table I have thought it best to give the readings at a time m the 
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course of tte expeximent -wlieiL th.e least mterral is slio-wing a definite 
rise, ratlier tlian. take a senes of esiperiments m irlucli conduction failed 
completely at tlie upper electrodes and to quote tlie tunes of tlie failures 
At this later stage a muck larger current strength is required and the 
possibilities of current spread and abnormal response m the nerve are 
greatly mcreased- In tlie table the least mterval at B only serves to 
emphasise the fact that at the end of the chamber the narcosis is not 
so deep and it is easy for the impulse to get to more or less normal nerve 
But at C and D it is unlikely, if the impulses do spread, that they ivould 
escape past the nest slot If this is so then ure can safely compare the 
columns of the least interval at C and D, and m every case vre find the 
least mterval at D greater than at C, m the tvro cases given m vrhich 
conduction has failed at D, conduction does not fail at C until 8 and 9 
mmutes later respectively The thresholds serve to show that there is 
no great variation, or else the threshold at the more central electrode was 
the greatest Before leavmg this side of the expenments, I would draw- 
attention to the fact that m cases where conduction failed completely 
I never recorded a least mterval greater than about 0 015 secoud This 
has a bearmg on the rate of recovery, as was shown m an earher paper (U) 
As well as recordmg the least mterval, m many experiments I 
attempted to measure the recovery curves at some time durmg the 
narcosis In our present state of knowledge, -two alternatives are ofiered 
to explam the mcrease of the least mterval when a nerve is placed m 
a medram which impairs conduction The first is that the nerve conducts 
with a decrement and has an unaltered rate of recovery and the other 
IS that the recovery rate is lengthened The former is supported by 
the work of Lucas(9) and the present wntercis) which showed that the 
rate of recovery is unaltered m alcohol narcosis and asphyxia, the latter 
by Kato s evidence against the possibibty of decremental conduction, 
Accordmg to Kato, smce the second impulse suffers no decrement m its 
passage, the mcrease m the mterval must be due to a slowmg of the 
recovery process If this is so we should expect to find a slowmg of 
the relative as weB as of the absolute refractory period, and the tune 
relations of the recovery curve would be prolonged, as they are when 
the nerve is cooled 

The recovery was generally recorded when the nerve had reached a 
steady state, as by this means it was sometimes possible to get a complete 
curve The curves ohtamed were of two kmds, as shown m Big 3 a and b 
These curves are probably only modifications of the same state. Fig 3 a 
IS the one usuaBy explained as the result of decremental conduction. 
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the vertical part being supposed to indicate the degree of decrement 
and the horizontal part coinciding vuth the original curve and indicating 
that the rate of recovery is unaltered In Pig 3 there is a more gradual 
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change from the vertical to the horizontal, but there is no doubt that 
the curve finally coincides with the normal curve and the total re 
fractory period is m no way prolonged The final curve m Fig 3 b bears 
a general resemblance to the normal curve, if the rate of recovery were 
altered uniformly for all stages of recovery, the curve would be very 
much more gradual m its change from vertical to horizontal and it would 
not reach the threshold value until an appreciable tune after the normal 
curve does so There was absolutely no mdication of these thmgs in any 
of the curves that were recorded and it is justifiable to conclude that m 
narcosis the prolongation of the least mterval is due either to con- 
duction with a decrement or else to a change in the rate of recovery 
which increases the absolute refractory period but leaves the total 
recovery time unchanged 

Kato observes that if the narcotised nerve is stimulated in several 
places then the muscle responses all get smaller together As far as can 
be made out from his book, his pupil Minami used “maximal stimuli 
at an outside electrode, usmg different lengths of two nerves I carried 
out some experiments on the size of the mechanical response, usmg the 
chamber previously described The stimuJi were chosen so as to bear the 
same relation to the threshold at each electrode, on the grounds that if 
there is no decrement the conduction should fail for the same strength 
of stimuli at the same moment, this method mamtams the same current 
strength all the time and obviates current spread Fig 4 shows a repro 
duction of the actual responses from an experiment, 10 p c alcohol vns 
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used and the stimuli were sis tunes the normal threshold at each 
electrode, the stunnh were given every half-mmute at first and later at 
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everv quarter-minute It will he seen that the responses from D 
became smaller while those at C are stiU of normal size and the responses 
fail from D at mmntes, from C at 7i mmutes, and from B at 
9i mmutes 

Arising out of the same problem, attempts were made to cany out 
esperunents using the electee responses as an mdication of conduction 
The nerve was arranged on three pairs of platinum stunuJatmg electrodes 
and monophasic responses were led off at one end by non-polansable 
electrodes of the AgCl tvpe The nerve was m an airtight chamber 
through which air or alcohol vapour could be drawn Owmg to the 
difficultv of takmg electee responses m a bquid, a vapour had to be 
used and this was obtained by drawing air through a solution of alcohol 
m water The responses were led off to a steng galvanometer and the 
string movements were recorded on cmematograph film. The stimulating 
apparatus was as before The object of the experiments was to narcotise 
the nerve and to send m two stunuh at each electrode to see whether 
there were mtervak which gave a double response from the near electrode 
but onlv a smgle one from the far one Accordmg to Ka to, if a donble 
response is obtamed from one electrode there should be a double one 
from all three There are mdications m several experiments that it is 
possible to get a smgle response from the far one and double responses 
for the same mterval from the two nearer ones, a defimte result of this 
nature is expressed m Table 11 

Table EL 


etimnli 

Xature of response 


Distance travelled, by impulses 


5 cm. 1 S cm. 

2 9 cm. 

HX40 

Double Snisrle 
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Donble Doubl® 
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These results are suggestive but not conclusive, for the expenments 
■were difficult to carry out and on the whole unsatisfactory 

All these experiments suffer from the use of alcohol as a narcotising 
agent Alcohol is commonly made use of m any experiments of ttis 
nature, but the results from its use are not ideal It probably penetrates 
the nerve fairly qmckly and hindrance to its entry at any part of the 
nerve is quickly reflected m irregulanties m the excitabihty at different 
pomts An effect of alcohol which makes its use troublesome is the 
relation between strength of alcohol and loss of conductivity With 
a weak solution the conduction is frequently never completely lost 
durmg the average tame of an experiment, the contraction merely gets 
very small and the summation is poor so that it becomes almost im- 
possible to measure the least mterval accurately, though from the results 
that can be obtamed it does not rise very much On the other hand, with 
a strong solution the actual rise of the least interval may be very rapid, 
but the same strength of elcobol often vanes m its action considerably 
from nerve to nerve 


Oonduchon %n chloral hydrate 

Owmg to the unsatisfactory nature of alcohol, its use was abandoned 
and a solution of chloral hydrate was tried m its place, this gave remark- 
ably good results from the start Several strengths of chloral hydrate 
were used and it was found that the results bore a very fair relation to the 
strengths used Table III gives a summary of the experiments m which 
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the threshold and least mterval were followed , from this it will be seen 
that conduction faded at the more distant electrodes at an average tune 
of about 22 mmutes for a 4 p c solution, 34 mmutes for a 3 p c an 
mmutes for a 2 p c , whde at the middle electrodes the respecti're times 
are 26, 43 and 60 mmutes There was never any doubt about the con- 
duction from the more distant electrode fading first, m Exp 10 t 
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IS only a IJ minutes difieience, irhich does not look very muck, but m 
tke actual experiment ivken conduction failed at D (Fig 1) tkere ivas 
stiU quite a decided contraction from C This rvas so m exery experiment 
and there iras absolutely no mdicatiou of conduction faihng at the same 
moment from both electrodes A consideration of the thresholds and 
least mtervals shovrs that the thresholds remam together for an ap- 
preciably longer tune than the least mtervals (cf column 4 ■with columns 
5 and 6 m Table HI) The significance of the thresholds xemammg 
together pomts to equal narcotisation of the nerve, "while the divergence 
of the least mtervals pomts to a decrement m conduction A typical 
result from one experiment is sho'wn m Fig 5 taken from Exp 12, the 
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at 5 m 13 minutes, the curves are very smooth and it is easy to read o5 
the figures that have just been given It is difficult to get exact values 
for the threshold or least interval just before conduction fails, but the 
actual time of failure is m most cases correct to i 15 seconds 

With the chloral hydrate, as with alcohol, attempts were made to 
follow out the recovery There was sometimes a tendency for a super- 
normal phase to appear, especially with a3pc or2pc solution that 
took a long tune to act, but with a 4 p c solution it was possible to 
obtam some very satisfactory curves One of these is shown in Fig G, 



the curve was obtamed quickly, and control measurements were made 
on the threshold throughout, so that the curve should be a reliable 
picture of the state of the nerve There is no doubt that the curve from 
the narcotised nerve is made up of two parts, one a vertical part in- 
dependent of the normal curve and the other identical with the normal 
curve, the first expressmg the degree of decrement and the second the 
unaltered rate of recovery Some further experiments were carried out 
m which the lower kmit of the \ ertical part of the curve was measured, 
the least mterval was found with a strength of second stimulus ten times 
the threshold and then the least strength was found that would give 
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summation at tins mterval Tins value should lie on the normal recovery 
curve, and m practice it was always found to lie either on the normal 
curve’ or ]ust below it In the latter case it was probably due to a slight 
supernormal phase These experiments serve to confirm the more un- 
certam results with alcohol and m themselves they give a very satisfactory 
picture of the happenmgs m a narcotised nerve 

If the narcotic merely alters the whole state of the nerve without 
causmg a decrement, a change m the recovery curve might be expected 
This would be manifest m the shape of the curve, but the contmuity of 
the curve would be unaffected and, mote unportaut still, the curves from 
drSerent electrodes would be identical In Fig 3 6 the curve for the 
alcohol narcotised nerve can be regarded as a change of shape, but I 
was never able to obtam two such curves from adjacent electrodes, 
therefore it can probably be put down to some local condition of the nerve 
caused by the unequal action of the alcohol The curves obtamed durmg 
the use of chloral hydrate never showed this change of shape, they were 
always discontmuous, the shape of the lower part of the curve bemg 
unaltered from that of the normal curve, and the curves difiered 
progressively at the difierent electrodes 

It might be possible that the progressive change down the nerve 
was due to histological differences which made some parts more per- 
meable than others Thus, for mstance, the region at which the nerve 
sends out large branches to the thigh muscles might be more permeable 
But durmg the course of a considerable number of experiments, nerves 
of all sizes have been used and it has never seemmgly made any drSerence 
if the electrodes have been directly on the part where the branches are 
given off It nught also be argued that the peripheral end of the nerve 
in the narcotic is near Rmger solution and is thus difierent from the 
central end, but m most of the experiments the central end was also m 
Rmger solution (cf Fig 1), so that there should be no difierence m the 
two ends of the nerve 

In studymg the question of a decrement m conduction m a nerve, 
it may be necessary to differentiate between the use of one stimulus and 
of two or more stunuh, m the first case, where we are deahng with only 
one impulse, it may weU be that a decrement does not occur until just 
before the final loss of conduction Conduction does fad earher when a 
greater length of nerve is narcotised, but the difference m the tunes 
required is small But when two stimuli are used the second nnptdse 
has to face not only a narcotised stretch of nerve, but also an mcom- 
plctely reco% ered nerve and the two may comhme to cause a decrement 
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in conduction In nearly all the experiments m the foregoing paper tvro 
stimuli were used and the conclusions reached are that a narcotised nerve 
recovers from the passage of an impulse at the same rate as a normal 
nerve, ]ust before the nerve fads to conduct, a single unpulse certamly 
suffers a decrement m conduction, whereas an impulse m mcompletely 
recovered nerve is conducted with a decrement at a much earher period 

Summary 

Preiunmary observations were made to test the amount of cnrreiit 
spread from slot electrodes used to stimulate a frog’s nerve The spread 
was found to amount to not more than 2 1 mm for a strmulus 16 tunes 
the threshold value 

Using the same electrodes, nerves were narcotised with alcohol and 
the course of the least interval followed at successive pomts along the 
nerve, where possible the recovery curves were also recorded at the 
different electrodes The results mdicate that there is conduction with 
a decrement and no lengthemng of the recovery rate But alcohol 
proved not to be entirely satisfactory as a narcotic, so that further ex- 
periments were done with chloral hydrate This gave much more definite 
results which amply confirmed the previous results with alcohol 

The conclusions on the whole do not confirm the recent work of 
Kato, but they are m agreement with the work of Lucas and othera 
who mamtam that at some stage of narcosis a nerve conducts with a 
decrement and keeps throughout an unaltered recovery rate 
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the osmotic pressure of the proteins of 
human serum and plasma 

By E B YEBll^EY {Beit Memorial Besearch Fdlow) 

{From the Laboratories of the Medical Unit, University 
College Hosfital Medical School ) 

In' 1896 Starling(i) showed by direct measurement that the serum 
proteins exerted an osmotic pressure of 41 to 66 cm HjO when put up 
m bell-shaped osmometers against 1 03 p c NaCl In a later paper (2) 
this fact was confirmed, and by concentratmg serum by filtration through 
a porous cell soaked m gelatm and allowing the concentrated serum to 
dialyse against the protem-free filtrate, it was shown that there was a 
rough proportionahty between the protem content of the serum and 
the observed final pressure Eor example, a serum contammg 6 5 p c 
protem exerted a coUoidal pressure of 38 cm H^O, and one contammg 
11 2 p c protem a pressure of 61 cm HgO, givmg pressures of 36 and 
34 cm ^0 respectively per grm protem nitrogen p c ^ In 1907 
Moore and Eoaf(3) measured the osmotic pressure of various colloidal 
solutions mcludmg serum Then figures for pig’s serum showed this to 
be 24 cm H^O at 12° C and 42 cm HgO at 18° C , the protem content 
of the serum bemg 7 97 p c The magnitude of the pressure discovered by 
Starling was thus confirmed Recently Govaerts(4) has described a 
method based on the apparatus of Moore and Roaf m which the 
pressure of the non- diffusible constituents is exerted on a bubble of air 
m a capdlary tube, the final pressure of which is read by connectmg it 
to a water manometer m the manner described by Krogh(5) Govaerts’ 
apparatus can be used with as httle as 1 5 c c serum or even less The 
semi-permeable membrane used is “cellophane,” which Govaerts 
states IS permeable to NaCl and glucose and retains gum arabic and all 
proteins precipitable by trichloracetic acid He finds normal human 
serum to exert an osmotic pressure of 35 to 40 cm H^O or a mean of 
29 cm per grm of protem nitrogen p c In clmical cases of severe cedema 
the pressure lanes from 12 to 22 cm , givmg a value of 13 to 19 cm 
per grm of protem nitrogen p c On the other hand, m pure hypertension 
‘ Corresponding to pressures o! 6 8 and 5 5 cm. H,0 respectively per grm. protein p c. 
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cases the piessure was found to be raised (40-70 cm ), giving a value of 
32 to 34 cm HjO when calculated as the pressure exerted by 1 grm 
protem nitrogen p c Govaerts states that the low values found in 
cases of oedema result from two factors the dilution of the blood and 
the dimmution of the pressure per grm protem p c , the reverse factors 
acting mversely m the group of hypertension cases Govaerts gnes 
no figures for the effect of simple dilution on the osmotic pressure of 
normal serum protems, and it would seem desuable that this should 
be mvestigated before it is justifiable to mvoke a second factor m the 
intei^retation of the low values found m some of his chmcal groups This 
relationship has been determmed and the results will be reported m this 
paper 

Method and technique An apparatus identical m its essential com 
ponents with that used by Govaerts has been employed I am indebted 
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to him for the supply of “cellophane” mth which these experiments 
have heen earned out The membrane has been tested for its perme- 
abdity to various substances m the crystalloid state and to serum pro- 
teins and haemoglobm by makmg use of the apparatus shown m Eig 1 
It consists of two symmetrical and cyhndiical glass cups A and B The 
everted bps of these cups are ground fiat, and between them is placed 
a circular disc of cellophane The two vessels are clamped securely 
together, then respective cavities bemg then separated merely by the 
cellophane membrane Four short tubulures, D, E, F, G, two from the 
top of each vessel, commumcate with the exterior Through two of them, 
D and E, pass thm glass tubes which on the one hand reach to thebottoms 
of the cyhnders and on the other are coimected to an air pressure pump, 
so that a slow stream of bubbles may keep the solutions on either side 
of the membrane efficiently mixed The capacity of each vessel is 15 c c 
and the surface area of one side of the mtervenmg membrane is 15 sq cm , 
givmg a diffusion area of 0 33 sq em per c c of fimd as compared to 
0 56 sq cm m the case of the osmometers used m the present mvestiga- 
tion IVhen laked blood was placed m B and distilled water m A, no 


protem was detected m the latter at the 
end of 24 hours The rate of attainment of 
equilibrium between eqmvalent solutions 
of NaCl, CaClj and and distilled 

water at room temperature, 19° to 20° C , 
IS shown m Fig 2 A was fiUed with dis- 
tilled water and an equal volume of the 
solution m question placed m B 2 c c were 
removed for analysis at mtervals through 
the tubulures F and G It will be seen 
from the figure that equilibnum is estab- 
lished m the case of these three bodies 
withm 12 hours 

The disposition of the osmometers has 
been shghtly altered from that adopted by 
Govaerts in order that the whole appa- 
ratus may be submerged m a thermostat 
A sectional drawmg of one osmometer under 
this arrangement is shown m Fig 3 The 
whole technique is carried out with strictly 
aseptic precautions If these are not taken 
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organisms readily grow m the serum and m the dialysate, both of 
rn lAi 


22 



322 


E B 7ERNBY 


winch, become cloudy, and this infection is accompanied by a pro 
gressive fall m the osmotic pressure of the proteins 

The rubber washers, cellophane discs and Rmger’s solution are auto 
claved for 45 mmutes at 1^ atmospheres and the osmometers and 
pipettes and centrifuge tubes dry sterilised at 130° C for 1 hour The 
mside of the capsule, the perforated copper disc, and the rim around the 
periphery of the dialysate are coated with a layer of sterile paraflhi wax, 
as recommended by Go waerts, so that m no place do the fluids come into 
contact with the metal of the osmometer The capsule when completed 
holds 1 c c , and before fil l i ng it with serum it is tested for leaks by 
placmg a httle Rmger on the surface of the membrane and raising the 
mtemal pressure Serum or plasma is then pipetted mto the capsule, 
the capillary D inserted to such an extent that the fluid passes round 
to the level shown m the figure at F, the tap ff being open The top of 
the capillary B is then cormected to the mercury level (see Fig 4) and 
the meniscus of the serum exposed to a pressure approximately eqm- 
valent to that which experience has shown to be the expected final 
osmptio pressure value The capillary is then pushed further mto the 
capsule, so as to brmg the meniscus back to its origmal level, and sealed 
in position with paraffin wax The tap ff is closed, the osmometer cup 
placed over the capsule on to the thm rubber bung, and about 5 c c of 
Rmger placed on the surface of the btmg by means of a curved pipette 
The osmometer is now immersed m the thermostat and allowed to 
reach the bath temperature This usually takes about half an hour and 
can be assumed to have occurred when re-exposure of the meniscus F 
to the same counter pressure as before causes no change m its position 
0 5 c c Rmger’s flmd is now dropped on to the surface of the membrane 
by means of the special pipette shown at M, the pomt being guarded by 
a rubber tube E m order that it may not become contammated by 
accidental contact with the mside of the tube 0 of the osmometer cup 
A long tube is connected to the end of this, a piece of wool soaked m 
Rmger hghtly plugs the junction, and the whole apparatus is more 
deeply immersed in the bath mto the position shown m Fig 4 Twenty 
four hours later the pressure of the air confined between the meniscus 
and the tap is determmed by observmg the meniscus by means o a 
microscope fitted ■with a 3” objective and micrometer eyepiece, opening 
the tap and brmgmg the meniscus to its origmal level by adjustmg t e 
mercury cup (Fig 4) The readmg of the water manometer corrected 
for the difference m level between the meniscus and the surface o e 
dialysate, and for the capillarity of the tube T> (Fig 3), which m my 
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apparatus amounted to about 1 cm ^0, gives the osmotic pressure of 
the non-difiusible constituents of the serum The osmometer is then dis- 
mantled, the capfllary tube taken out without openmg the tap G, and 
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in parallel and connected to tlie mercury level by means of a capillary 
tree as shown m Fig 4 

Experimental results The degree of accuracy of the method is shown 
m Table I 

Table I Cat’s serum 1 oc placed m each osmometer Dialysate = 0 6 0 . 0 . Einger 
without bicarbonate Set up 29 ti 24 at 4pm under gross counter pressure of 30 cm 3,0 

Temperature = 174°C jja-t 

Jinx percent 

Gross Mean dona- nge 

No of Temp pressure Level Capil Osmotic osmotic tion error 



osmo 

of 

reading 

diff 

lanty 

pres pres 

from from 

Time 

meter 

bath 

cm HjO 

cm 

cm HjO 

sure sore 

mean mean 

1 311 24 








10 30a.m 1 

17 4 

42 2 

-09 

-12 

40 1 


>1 

2 

ft 

40 0 

-03 

-1 3 

38 4 



3 

If 

41 0 

-09 

-13 

38 8 


ff 

4 

1 ) 

43 3 

-1 0 

-1 0 

40 7 


$f 

6 

ft 

41 0 

-06 

-1 3 

39 2 








39 3 

14 ±3 0 

1 3U 24 








6 pm 

1 

18 0 

42 3 

-09 

-12 

40 2 



2 

ft 

40 0 

-03 

-13 

39 0 


»» 

3 

11 

403 

-09 

-13 

38 1 



4 

rt 

41 4 

-10 

-16 

38 8 


91 

6 

ft 

41 6 

-05 

-13 

39 7 


Table IL 

Homan 

serum 

10 0 0 , venous blood drawn 9 su 24. Eepeated IJ hours later 

Serum A and £ set up under imtial pressure of 30 cm 

HjO agamst 0 6 

0 c. Ringer (RSB) 


at 0 16 p m m duphento Temp = 18 4° G 




Osmotic 


Protom Osmotioprcssuro 



pressure 

Mean mtrogen pergrm protein 

Time 

Temp ° C 

cm H 5 O 

value mgrm p c. nitrogen p c. 

10 311 24 





A 1 30 p m 

18 4 

344 



If 

91 

36 8 



4 30 p m 

91 

342 






35 0 1160 30 0 



36 2 



0 pm 

ft 

35 1 



If 

ft 

367 



10 311 24 





B 1 30 p m 

18 4 

30 2 



4.30 p m 

If 

30 9 



If 

30 0 






30 7 1160 31 » 

If 

If 

37 4 



6 p m 

II 

30 3 



ft 

II 

37 4 



The Rmger’s 

fluids used 

m these experiments had the follow mg 

composition 

NaCl 

0 86 p 

C 1 



KCl 

0 042 

1 

■ = BCB 


CaCh 

0 024 




JfaHCOs 

0 02 

> 
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on tte one liand, and the same flmd without the hicarhonate {=RSB) 
on the other The osmometers were set up invariably m triphcate or 
duphcate Two control experiments on human serum are given m 
Table II 

No appreciable difference between serum and plasma proteins could 
be detected m the osmotic pressure values, calculated per gtm protem 
mtrogen p c , for the blood of the same subject drawn at different times, 
as the foUowmg table shows 

Tabu: HL 4 = Human senun readings. 29 x 25, 12 c-c blood drawn from rein. Semm 
got np against 0 5 c.c- BOB against mihal piessnre of 30 om, HjO at temperature of 16° C 
m tnpbcate, at 6 p m. fi= Human plasma readings. 3 vi. 25, 11 o,c. blood drawn, from 
vem into 0 1 c-o. aaturated neutral potassanm osalate. Plasma set np as gemm A against 
imtial pressure of 35 cm. H.0 at 15° C in dupbcate at 7 p m. 




Osmotio 

Mean 

Protem 

Oamotioptessuie 


Temp 

preasore 

mtrogen 

per grm. protem 

Time 

°C. 

cm. H,0 

value 

mgrm. p c 

mttogen p c. 

30 r 25 






130 pm. 

16 0 

369 




f> 

t> 

36 4 




»> 

” 

35 5 

36 S 

1200 

301 

2 VI 25 






Ham 

15 5 

— 






37 5 






37 0 




4, n. 25 






7pm 

17 7 

331 




f 


337 




6 vn 25 






10 a m. 

17 9 

32 9 

38 6 

1120 

304) 

f 

it 

335 



2pm 

18 1 

344 




*» 

tt 

340 





When the plasma was diluted with Binger a fall was encountered in 
the osmotic pressure greater than could he attributed to the proportional 
fall m protem concentration (see Table IV) 


Tadle tv See blood drawn from arm rem into 0 1 c c. saturated potassium oxalate 

Plasma diluted 1 1 with Rmger(BSB) Osmometer* set up as usual and exposed to mitial 

counter pressure of 16 cm, H*0 in tnpUcat© at 4 p to., 8 vu 26 


Time 

VI. 25 

Temp. 

°C 

Osmotic 
pressure 
cm. H,0 

Mean 

value 

Protem 
nitrogen 
mgrm p c 

Osmotic pressure 
per grm. protem 
mttogen p o. 

10 a.m 

10 8 

U8 




f> 


11 1 





t 

10 7 




3 n p m 

20-0 

13 0 

115 

550 

20 9 

♦ 


no 




tt 


10 6 
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It was of interest to investigate this further and consequently a senes 
of experiments was carried out, the oxalated plasma of the same subject 
bemg diluted to varymg degrees with Rmger both with and without 
bicarbonate, and the resultant protem osmotic pressures determmed 
m the manner already described The results are summarised m Table V 


Temp 

Protem 
mtrogen 
mgrm^ c. 

Osmotio 
pressure 
cm HjO 

Table V 

Osmotic 
pressure 
per gnn. 

V 

°C 

=P 

PNpo. 

1/p 1 e l/FJX 

19 0 

1604 

49 8 

33 2 

67 6 

74 6 

17 9 

1120 

33 6 

30 0 

100 

100 

266 

1047 

32 4 

29 6 

103 6 

107 

16 3 

1026 

29 6 

28 7 

114 

109 

18 8 

1010 

282 

28 0 

119 

111 

26 3 

1006 

27 6 

27 4 

122 

112 

16 7 

992 

29 2 

29 4 

116 

113 

17 6 

940 

20 0 

21 3 

168 

119 

18 8 

740 

17 1 

23 1 

197 

161 

16 7 

726 

16 8 

21 8 

213 

164 

18 8 

700 

14 9 

21 3 

226 

160 

26 3 

676 

13 6 

20 2 

248 

166 

26 6 

670 

13 4 

20 0 

250 

167 

16 3 

618 

12 9 

20 8 

261 

181 

26 6 

606 

13 3 

21 6 

267 

186 

17 6 

670 

11 7 

20 0 

287 

197 

19 9 

650 

11 6 

20 8 

292 

204 

16 7 

638 

10 8 

201 

311 

208 

17 6 

600 

74 

14 8 

464 

224 

16 3 

442 

66 

14 9 

610 

263 

RGB 

= Ringer’s fluid with 0 02 p o. NaHCOj 

) 


RJSB= Ringer’s fluid Tvithout NaHCOj 

The figures in the first row are those obtained from 

plasma 


Nature of 
diluent 


RGB 

RGB 

RSB 

RGB 

RGB 

RSB 

RSB 

RGB 

RGB 

RSB 

RSB 

RGB 

RSB 


Nature of 
dialysafe 
KSB 
RSB 
RSB 
RSB 
RGB 
RSB 
RSB 
RGB 
RGB 
RSB 
RGB 
RSB 
RSB 
RSB 
RSB 
RGB 
RSB 
RSB 
RGB 
RSB 


remainder are compared m columna 6 and 6 


It Will be seen that the osmotic pressure per grm protem nitrogen pc 
graduaUy falls as the plasma is diluted AdairfO) has 
phenomenon m the case of hEemoglobm dissolved m either Nj “ > 
or(7) distiUed water The possible cause for this ^^luch first occuirea 
to the mmd was that the molecular volume of the colloidal partic es 
comparatively large, and that one was therefore dealmg wit a so 
m a state analogous to that exhibited by a gas when hig ^ 

The reciprocal of the osmotic pressure and the reciprocal of t e pr 
nitrogen were therefore calculated, the value of each for norma f “ 
bemg taken arbitrarily as 100, the values for the dilute gg 

trated plasmas bemg mterpreted m figures relative to t 
are given m columns 6 and 6 and are plotted m Fig 5 It ^ e , 

for dilutions rangmg up to 50 p c of the origmal concentration, th p 
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l,e aocn.at.ly on a straigit W The S^es m the tat tae of 
Table Y we obtained fiom a plasma lehioli had been eoncenteated , 



Fig 5 A, onginal plasma B, plasma concentrated by nltrafiltrabon. 

„ , . Osmotic Pressure Onginal Plasma 

*^^^^ = 07 ^o h^ Prgj;iie Dilutia Ptosma 

Abscissa^ ^f X 100 

Protein Nitrogen Diluted Plasma 

+ represents readmgs ivhen bicarbonate free Kinger, and • readings when 
bicarbonate Ringer, wus used as the diluent 


uUrafiltration througli cellophane, and it mil be observed that the 
plotted point for this concentrated plasma bes in the neighbourhood of 
the same straight line It seemed to make no appreciable difference to 

' DrO S Adair informs me that he has ohtamed a s imila r form of curve m the case 
of sheep and of horse plasma with protem concentrations rangmg from 1 p c. to 14 p o. 
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the values obtamed whether the plasma were diluted with Rmger con 
tammg bicarbonate or no bicarbonate Dilutions m the neighbourhood 
of 40 p c of the origmal concentration give rise to a relatively smaller 
pressure and fall distmctly above the Ime to which the figures of the more 
concentrated solutions adhere 

If this Ime be produced it wdl be seen that it cuts the v axis at the 
value of 60 In other words, the osmotic pressure of the plasma protems 
reacts to their dilution, withm hmits, m a manner such as would be 
expected of a non-ionised colloidal solution m which the colloidal mole 
cules occupied an effective volume as large as 50 p c of the origmal 

Summary and Conclusions 

1 The osmotic pressure of the proteins of human serum and plasma 
has been determmed 

2 Dilution of the plasma with Rmger’s flnid gives rise to a relatively 
larger fall m osmotic pressure than the concomitant fall m the protem 
concentration 

3 If p = the osmotic pressure of the proteins, v = the reciprocal of 
the protem nitrogen, and b = a constant, the relation ^{v — h) = l^ 
shown to hold for dilutions of the plasma up to 60 p c of the origmal 
concentration 

4 The constant h has a value of 60 p c of the origmal volume of 
the plasma 

The expenses of this research were defrayed in part out of a grant from the Government 
Grant Committee of the Royal Society 
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THE BLOOD COUNT AND BODY TEMPERATURE IN 
NORMAL RATS By ARTHUR DIGHTOK STAMMERS 

{From the Department of Physiology, University of the Witioatersrand, 

Johannesburg ) 

In connectiou Yitli tlie mamtenance of a colony of rats for expemnental 
purposes, I have made observations to determine hov far tihe height at 
vhich they hve above sea-level, viz 6000 feet, influences the physio- 
logical processes I give here observations on blood count and on body 
temperature 

I The Blooi) Coukt 

Red corpuscles The figures vhich are available for comparison are 
fevr m number and, as far as I have been able to ascertain, relate to 
counts made at approjamately sea-level It is, of course, vrell knovni 
that, in man, the number of red cells normally present m the blood bears 
a defimte relation to the altitude at vhich the individual is hving In 
Johannesburg (6000 feet) it is customary to regard the normal red cell 
count m man as 6 milhons as opposed to 5 milhons at sea-level, i e vith 
a diminished barometric pressure of 140 mm Hg there is an mcrease 
of 20 p c m the red corpuscles 

The references may be bnefly cited as foUoirs Donaldson(i) quotes 
work by Rivas, m which the average red cell count m ten rats was 
8 2 milhons per c mm and by Margot, who found that adults aged 
148 days had a count of 9 4 milhons 

Scott( 2 i states that, m his colony, the normal is 8 8 milhons, while 
Bcdson and Zilva(3) found 7 8, and Cramer, Drew and Mottram( 4 ) 
between 9 and 10 nulhons The average of aU these works out at about 
8 I nuflions for adult animals In these latter reports the number of cases 
evammed is not stated 

I hai e made counts m 60 rats over varying periods from 1922-1925, 
the results are as follows 

Cases observed Average red cell connt 
0 2 nulliona 

The louest count obset^ed was 7 4 and the highest 10 6 milhons 
the distribution is shovm in the subjoined table 
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Eed cells 

No of 

Red cells 

No of 

(mrlhons) 

cases 

(mrlhons) 

cases 

74 

1 

93 

4 

76 

1 

94 

6 

80 

1 

96 

4 

84 

1 

96 

3 

86 

2 

98 

3 

87 

4 

99 

3 

88 

3 

10 0 

1 

89 

7 

101 

1 

90 

2 

10 2 

1 

9 1 

3 

10 3 

2 

92 

6 

10 6 

1 


If it be assumed that an increase similar to that observed in man 
results from bfe at an altitude of 6000 feet, the average which might be 
expected would be m the region of 10 4 miUions There is, however, no 
apnon reason for this, since, as will be seen later, considerable difPerences 
exist between human and rat blood and normal conditions m the latter 
appear to permit far wider fluctuations in the cell content than m the 
case of human blood 

Leucocytes As regards the leucocyte count, the average numbers 
observed by different authors are summarised m the following table 
These all refer to rats m the Wistar Institute colony, Philadelphia, 
during the period 1914-1921, m which Donaldson reports that the 
nutntional state was good 



No of cases 

Authors 

and sex 

Rivtts 

10 

Newrey 

11<J 

*» 

12? 

Margot 

3<? 


Av no of Poly 

leucocytes morphs 

9017 65 10 p c 

9281 02 07 

8665 66 71 

9376 69 00 


Small 

lymphocytes Others 

3820po 670pc 

29 66 8 38 

30 92 13 37 

33 80 7 10 


In observations on the 60 cases mentioned above, I obtained the 
following figures The animals were aU young healthy adults, weighing 
between 160 and 250 grm and aged between 70 and 200 days 


No of cases Total Poly 

and sex leucocytes morphs 

30 (? 10200 41 0 pc. 

30 ? 9400 30 0 


Small 

lymphocytes Others 

62 6po 06pc 

64 2 08 


The differences between these and the figures obtamed by t e 
authors mentioned above are somewhat stnkmg, particularly as regar s 
the proportion of polymorphs to small lymphocytes The explanation 
for this IS somewhat obscure, smee the nutritional state of the ammn s 
was good and they were apparently m perfect health It has, howe\ er, 
been pomted out by Donaldsonis) that, m the expenence of other 
observers (Kleineberger and Karl, Eyre, Cramer, Drev an 
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Mottram), the peicentage values fox small lymphocytes may he about 
twice those for the polymoxphouucleax cells aud it is concluded that the 
blood picture may vary withm wide bmits and yet the animals remam 
m good health 

Blooi ‘platdets The only comparative figures which are available on 
the blood platelets are those compiled by Cramer, Drew and Mott- 
xamW, who state that the normal rats m their colony have an average 
count of about 0 8 milhon, and by Bedson and Zilva(3), whose normal 
rats gave a figure of about 1 milhon 

Smce the platelets dismtegrate very readily m shed blood, the 
number found m a blood count depends upon the completeness of pre- 
servation and, m order to guard as far as posable against mcomplete 
preservation, I have compared the results obtamed with several pre- 
servative flmds 

I have found no difficulty m distmguishing the platelets from bac- 
teria, hpoid granules and other small particles and, smce the platelets 
are about 3 p. m diameter, neither great magnification nor high resolvmg 
power (as has been pomted out by Bedson and Zilva) is required to 
see them 

Cattoretti(6) states that digestion causes a decrease m the number 
of platelets m circulatmg blood lasting l|-2 hours , m order to avoid this 
possible source of vanation, my counts m rats were mvanably made 
about 3 hours after a meal 

The technique adopted was a shght modification of that of Cramer, 
Drew and llottram and was as follows the rat was anssthebsed with 
ether and the tail immersed m warm water for a few moments and dned 
It was then cut about 2 cm. from the end, whilst immersed m Toison’s 
flmd "When the blood was flowing freely, the tad was transferred to 
another dish of Toison’s flmd and the blood allowed to flow untd a 
ddution smtable for countmg was obtamed The tad was then removed, 
dned and blood taken m the ordmary way for a red cell count and for a 
difierenhal film The rat was then bled mto 2 p c sodium citrate m 
normal sahne and mto 0 02 p c methyl violet sahne m the same way as 
described for Toison’s flmd 

The blood was mixed m each dish with a platmum loop, a drop 
placed on a shde and a cover shp apphed which was rmged with paraffin 
and set aside whde the red cell count was made The differential film was 
stained with Irishman’s flmd 

The proportion of red cells to platelets was estimated by means of 
an ocular micrometer ruled m squares and the red cell count was earned 
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out with the Standard American HtemocTtometer with the Levj 
counting chamber This was tested and found to give results concordaat 
with those from the Thoma-Zeiss instrument used by Cramer, Drew 
and Mottram 

Twenty-seven rats m all were exammed m the way descnbed and 


the results are summanaed 

m the 

subjomed table 

Not less than 60 

platelets were counted m each case 




Bed cell 

Diff 

Toison’a 

Citrate 

iTefi, violet 


count 

film 

flmd 

salme 

galme 

Maxunum vanatioa 

10 3 

0 974 

1 120 

0 998 

2 039 

Mimmnm vanafaon 

8 9 

0 870 

0 877 

0 869 

om 

Averara of total 

Bed platelet ratio 

94 

0 861 

0 892 

0 887 

0-894 

— 

10 9 

10 6 

10 6 

106 


The average vanations are insignificant and well witlun the hmits 
of experunental error The differential films show a definitely lower 
count and this is, m my opimon, explamed by the greater difficulty m 
countmg the platelets by this method and to the fact that more un 
certainty exists as to the identity of the true platelets 

As a control, the number of platelets m human blood was also 
mvestigated The finger was pncked and a platmum loopful of the blood 
was placed in each of the flmds already mentioned The first six estima 
tions gave the results tabulated below 

Bed cell Toison’s Citrate Jleth. violet 
count Said saline saline 

Average of 6 0 1 0 680 0 723 0 77C 

The differences observed suggested that delay was a factor m the 
production of the relatively high count in the case of the citrate aud 
methyl violet sahne fixatives It was accordmgly decided to make 
further estimations with each dilutmg solution and for this purpose to 
take blood from different fingers, thus ensunng that approximately the 
same time should elapse between pnckmg the finger and immersmg t le 
loopful of blood m the diluent Ten further estimations gave the follow 


mg figures 

Bed cell 
count 

Toison’s 

Said 

Citrate 

salino 

Moth violet 
salino 

Average of 10 

69 

0 662 

0 676 

0 070 


It will be seen that a considerably closer approximation was obtamec 
when the estimations were made in this manner 

Since, m human blood, delay was found to increase, mstea ° 
might be expected, diminishing the number of platelets, the c cc o 
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delay m fi^rng tlie blood -was taed on llie blood of xats A loopfol of 
blood -K-as obtamed from tbe tail of tbe rat at given intervals and placed 
mice of citrate salme, tbe snbsequent tecbmqne bemg as prevronsly 
described Tvelve difierent rats vere mvestigated in tbis vray lutb tbe 
foUoivmg restdts 

At once After 30 secs After 00 secs 

Average of 12 0*S74i 0*60S 0 9i0 

Tbe figures obtamed m this vray seem to mdicate defimtely that a 
pronounced mcrease takes place m the platelet count as a result of delay 
m fivmg the blood 

Particles sumiar m appearance to platelets have been described as 
bemg produced m great numbers m plasma on coobng it and some 
observers mdeed have conadered that, m mammals, platelets are not 
normally present m tbe circulation "Whilst tbe results I have ]nst given 
do not shoiv that platelets are absent normally, they mdicate that 
particles mdistmgmshable from platelets are readily produced m blood 


n Body Temperature 

In a recent communication. Price- Jones(7) states that an investi- 
gation mto the body temperature of 200 normal rats shoved a mean of 
100 6° F , the limits bemg 96 6 to 103° A table is given m this author s 
paper, vhich shows the distribution of temperatures m mtervals of 0 2° 
and a graph is also inserted, m which tbe numbers of animals are plotted 
against the temperature m 1° mtervals Prom these data, tbe standard 
deviation and tbe coefficient of variation are calculated, tbe figures given 
being 1 13 = standard deviation, and 1 10 = coefficient of variation. 

In connection with other mvestigations, it became necessary to 
determme tbe body temperature of my rats and tbe figures obtamed are 
now presented Tbe average of 83 cases was 100 i°, tbe range bemg from 
96 8 to 102 2° Tbe distribution was as follows 


HcgTvea F Yo of ^vmman 


90-8 I 

97 4 1 

9SS I 

99-0 1 

99 2 3 

99A 4 

99- 8 S 

lOOn 6 

100 - 2 


Hvgreea F 27o of ammala 


lOOA 12 

100-6 9 

100- 8 S 

101- O 5 

1012 7 

1014 o 

1016 6 

101 5 2 

102 2 1 


The standard deviation and the coefficient of variation, which were 
dl} worked out for me by one of my coUeagues, Dr I Liknaitzky, 
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both, give the figure 0 88 Forpurposes of comparison with Pnce-Jones 

results, a graph is appended, expressmg the same relative information 



Fig 1 The ordinates mdioate the number of ommals, the absciBSio the (^,noHS 

(97=9GJ-97J,etc ) The dotted hne refers to Price J ones’ animaU an 
hne to the writer’s Both have been reduced to percentages of the o a 


It may be mentioned that, as far as can be ascertamed, the ^ 

graph do not agree with the figures m his table These pom 


follows 


Degrees P No of animals 


97 

98 

99 
100 
101 
102 
103 


1 

8 

23 

65 

72 

35 

9 
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It IS presumably mteuded that eacli full degree on tbe abscassa of tbe 
graph shall mclude temperatures half a degree below and above it, 
and m this case the figures would appear to be as follows 


DegreesP 

No of anuuflla 

97 

1 

98 

7 

99 

29 

100 

47 

101 

78 

102 

29 

103 

9 


The hberty has been taken of re-drawing Price-Jones’ curve and 
mcludmg it m the graph illustratmg the wntei’s results and, m order to 
make comparison possible, m view of the difierence m numbers, both 
have been reduced to percentages of the totals 

According to Pembrey{8), the average temperature of the adult 
albmo rat is 99 5°, while Macleod(9) finds a mean of 100 2° It will 
thus be seen that the figures obtamed by the writer as well as by Price- 
Jones exceed those previously reported This mcrease, however, is not 
regarded as of any significance, smce, as the latter author pomts out, the 
temperature of a rat may fluctuate within 2 or 3° P under apparently 
the same conditions 

The foUowmg figures bear out this statement They were obtained 
by takmg the temperatures on three successive days at as nearly as 
possible the same time 

1st day 2nd day 3rd day 

Max. temperature Max. varmtion Max. vanation 

101 8° 14° 3 0° 

(100 8 - 99 4) (100-4 -97-4) 

Min, temperature Mm. Tanation Wn. variation 

98 8° 0 2° 0 2° 

Iso variation. Two cases No variation. Pour cases 
One animal showed a variation of only 0 2° throughout the three days 

In each case the average for the day works out at 100 4° The maxi- 
mum range for any one animal m 48 hours is 4° and the TmTnmnm 0 2°, 
the average being 1 1° The room temperature was 60 9° on the first day 
and 51 8° on the others This investigation was made durmg June, which 
IS usually the coldest month of the year m Johanneshurg. the mean 
minimum temperature bemg recorded as 41° F 

Other observers, according to Donaldson, have found that an m- 
crease m hodv temperature occurs with an mcrease m room temperature 
up to 8G , the rate bemg 1 26° for the body with 9° mcrease m room 
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both, give the figure 0 88 For purposes of comparison, with Price J ones 
results, a graph is appended, expressing the same relative mfomiatioii 



Fig 1 The ordinates indicate the number of animals, the abscassaa the 

(97 = 96i-97i etc ) The dotted line refera to Price Jonea’ammalsandtheco 
line to the wntePs. Both have been reduced to percentages of the to 

It may be mentioned that, as far as can be ascertained, the pomts m 
graph do not agree with the figures m lus table These pomts occ 
follows 

Degrees P No of animals 

97 1 

98 8 

09 23 

100 65 

101 72 

102 33 

103 3 
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It IS ptesTimably mteuded ttat each, full degree on the abscissa of the 
graph shall include temperatures half a degree below and above it, 
and in this case the figures would appear to be as follows 

Degrees F 5<o of aminals 

97 1 

98 7 

99 29 

100 47 

101 78 

102 29 

103 9 


The hberty has been taken of re-drawing Pnce-J ones’ curve and 
mcluding it m the graph illustrating the water’s results and, m order to 
make comparison possible, m view of the difference m numbers, both 
have been reduced to percentages of the totals 

According to Pembrey{6), the average temperature of the adult 
albmo rat is 99-5°, while iIacleod(9) fiuds a mean of 100 2° It will 
thus be seen that the figures obtamed by the water as well as by Price - 
Jones exceed those previously reported This mcrease, however, is not 
regarded as of any significance, smce, as the latter author pomts out, the 
temperature of a rat may fluctuate withm 2 or 3° F under apparently 
the same conditions 

The foUowmg figures bear out this statement They were obtamed 
by takmg the temperatures on three successive days at as nearly as 
possible the same time 


1st day 

ilas. tpmperature 
101 S' 

llm. temperatore 
98 S’ 


2nd day 
Majc. Tanation 

(100 S -99 i) 
ilin. vanahon 
0 2 ’ 


Srd day 
ilax. variation 
3 0’ 

(100 4 - 97-4) 
Mm. variation 
0 2 ’ 


Xo vanation, Tvro cases Xo variation. Four cases 
One animal showed a vanation of only 0-2’ thronghont the three days 


In each case the average for the day works out at 100 4° The maxi- 
mum range for any one animal m 48 hours is 4° aud the minimnm o 2°, 
the at erage being 1 1° The room temperature was 50 9° ou the first day 
and 51 8° on the others This mveshgation was made during June, which 
IS usually the coldest month of the year m Johannesburg, the mean 
mimmum temperature bemg recorded as 41° F 

Other observers, accordmg to Donaldson, have found that an m- 
crcase m bodv temperature occurs with an mcrease m room temperature 
up to 8G’, the rate bemg 1 26° for the body with 9° mcrease m room 
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temperature The temperature regulating mechanism m the rat will thus 
be seen to lack efficiency 

SuMMABY 

The normal red cell count m rats appears, from ivhat few mvestiga 
tions have been made, to be m the region of about 8 7 milhons per c mm 
at sea-level The author’s observations at an altitude of 6000 feet gin 
an average count of 9 2 millions, which represents an mcrease of under 
6 p c as compared with the 20 p c mcrease seen m normal human blood 
at this altitude 

In the same anim als the average leucocyte count was 9800, while 
the average reported by other workers is 9067 The proportion of poly- 
morphonuclear leucocytes to small lymphocytes averaged 40-53 35 

The blood platelet count gave an average of just under 900,000 
Comparisons were made with different diluents, smce there appear to be 
comphcatmg factors which influence the correct estimation of the plate 
lets No significant differences were observed with the three dilutmg 
solutions employed and a lower count obtamed with a difieiential film 
IS attnbuted to a greater difficulty m countmg by this method Delay 
m fixmg the blood appears to be an important factor m deter minin g the 
number of platelets 

The range of body temperature of the rats m the writer’s colony was 
96 8-102 2° The standard deviation and the coefficient of variation 
were both 0 88 A graph lUustratmg the distnbution of temperature as 
compared with that foimd by Price- J ones is appended 

It seems that, under normal circumstances and apparently the same 
conditions, the temperature of the rat may vary withm 2 or 3° P , and 
this animal may be regarded as bemg somewhat poikilothennous 

The anther deairea to acknowledge assistance from the Research Grant Board of fho 
Union of South Afnca towards the expenses inonired in carrying oat this work 
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STUDIES ON THE RELATION OF WORK AND HEAT 
IN TORTOISE MUSCLE By JEFFRIES "WYMAls, Jb 
[National Research FeJloio in Medical Sciences) 

(From the Department of Physiology and Biochemistry, 
Unnersity College, London ) 

I The Problem Several observers recently bave studied tbe relation 
of tension and vork to shortening or stretching, at various speeds, in 
the case of voluntary muscle A V Hill(i) and Lupton( 2 ) have shoivn 
that the vork obtamable from human arm muscles acceleratmg an inertia 
uheel vanes mth the moment of mertia of the wheel, that is, mth the 
tune occupied by the shortening of the muscles The results of their 
expenments could be quantitatively explamed by assum i ng a certam 
maximum value for the work, corresponding to infinitely slow shorten- 
ing, and by supposmg that the difference between this value and that 
obtamed m any actual shortening of fimte duration was proportional 
to the speed of shortemng Gasser and HilRs) bave found that the 
sudden release of an isolated frog’s muscle during stumilahon is accom- 
pamed by a fall of tension below the isometnc value for the new length 
The fall is followed by a re-development They also found that stretching 
a muscle may lead to a temporary nse of tension above the isometnc 
\ alue for the new length These workers have aU suggested that these 
effects are to be ascnbed to the “viscous” properties of the muscle, 
nhich resists a change of shape Thus, when a muscle contracts and 
shortens, a certain amount of its potential energy is wasted m over- 
coming the resistance of the muscle substance itself, and appears as 
heat in the muscle mstead of as external work If the same muscle be 
stretched, the work done is greater than that required to overcome the 
clastic forces of the muscle by an amount due to the viscous and frictional 
resistance to deformation 

Long ago Fick( 4 ) remarked the same phenomenon m isolated frog 
tmi'^clc Ho showed that greater tensions existed m a tetamsed muscle 
nhich nas being stretched than m the same muscle when shortemng 
He hon e\ er a-^cnbed the discrepancy to a greater responsiveness m the 
muscle being stretched He assumed that stretchmg, although itself 
111 n\i „„ 
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incapable of exciting a muscle, could nevertheless mcrease the response 
to a given stimulus 

In the following paper certain aspects of the question, those relating 
to work, are re-opened, and an effort is made to provide evidence for 
a decision between the two views, that of Fick and that of the other 
observers mentioned above The expenments earned out for this purpose 
serve also to suggest a view as to the relation between different forms of 
energy m the muscle system, which is discussed at the end of the paper 

II Method — theoretical It is of course obvious that there must he 
an element of truth m the ^^ew of Hill and his colleagues The irre 
versible nature of all actual processes demands the appearance of a certain 
amount of heat m the shortenmg or stretchmg The best of spnngs is 
not wholly free from viscosity and hysteresis A muscle, difierent as it 
IS from a sprmg, and possessed of a complex colloidal structure, suggests 
the possibihty of very considerable irreversible effects The question, 
^therefore, is whether the view of Fick is to be retamed m addition to 
"that of A V Hill whether the supposed physiological consequence of 
a stretch is to be invoked m addition to its undemable physical effect, 
m order to explam the results Our chief mterest hes therefore m fin ng 
and measuring some property of stimulated muscle which may he ta en 
as a measure of its physiological response to the stimulus AVe can t cn 
measure this property of a muscle while it is (a) at rest, or (6) in process 
of shortenmg, or (c) being stretched, and compare the results o le 
measurements m the several cases If they are the same, or if t e resu 
is greater in the case of shortemng than in the case of stretching, 
conclude that Fick’s interpretation is disproved, othermse it is su 


stantiated rpi Upni 

One such quantity is the heat hberated by the muscle Ih 

is a measure of the magmtude of the chemical changes set o m 
muscle by the stimulus, and the extent of these cheimwl ^hang^ 
reasonably be taken as what we mean by the size of the p lys o 
response In order therefore to test Fick’s hypothesis on ® ,] 

this entenon we have alternately to stretch and re ease a 
muscle and to compare the heats produced m the two cases les 
however, cannot be taken as they stand In the rase o " ® 
is done on the muscle by the external, stretchmg orce, in 
release work is done by the shortenmg muscle on measured 

which It IS attached These amounts of vork from 

heat Consider the case of a stretch n here the ^ j „ ork, 

length (2) to length (1), v ork being done upon it Some 
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namely, tliat done against the frictional and viscous resistance oi the 
muscle to change of shape, vail appear directly as heat The remaining 
part inll be used m mcreasmg the mechanical potential energy of the 
muscle qua elastic body This mechanical potential energy, however, 
may he assumed to be converted into heat at the moment of its dis- 
appearance m relaxation (an assumption to he discussed m detail at the 
end of the paper) In order, therefore, to ohtam the true heat produced 
by the muscle itself dunng the operation we must subtract from the 
measured heat the work aWi Siimlat considerations apply to the case 
of a release Here the muscle shortens with a loss of potential energy, 
so that less heat is hherated m relaxation than would have appeared at 
the greater length (accordmg to the assumption ]ust mentioned) Part 
of this lost potential energy is used m overcoming the resistance of the 
muscle to change of shape, as m the case of a stretch, and appears directly 
as heat The remaining part appears as the external work done by 
the muscle m shortemng, and is lost to the muscle system Accordmgly, 
to obtam the corrected heat we add to the measured heat an amount 
of work iTFj 

III Method — tecJmcal The muscle employed for these experiments 
was the biceps cnms of the tortoise This is a long, uniform muscle 
running from the pehns to the ankle It senses both for locomotion and 
to hold the hmd leg drawn m when the ammal is frightened It is chiefly 
useful m such an mvestigation as this because of its slowness of action 
It may be tetanised for about 10 seconds without showing signs of 
fatigue This capacity to mamtam tension for such long intervals, even 
in the isolated condition, is to be explained no doubt m part by the 
extreme general slowness of the tortoise, and m part by the function of 
the muscle m mamtaimng the legs m a flexed position for long penods of 
time M hen the ammal is frightened and m danger The muscle is also 
useful in shoiving no harmful eSects from even very qmck stretches 
(2-3 cm pet sec ) In this respect it stands m marked contrast to the 
muscles of the frog, mth uhich mdeed it would ha\e been impossible to 
carrj out these cxpenments at all 

The measurements of heat are made accordmg to the general methods 
del eloped bj \ Y Hill, which need not be here described The thermo- 
pile eniplojed is of the type shown ints). Fig 2, p 239 The muscle is 
supported bi the bone attachment at the peine end m a glass clamp 
fixed to the thermopile and beanng one electrode The flat face of the 
muscle hes oi er one set of junctions of the thermopile Its free end is 
secured to a wire rod beanng the top electrode and connectmg it with 

23—2 
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the device for measimng work The electrodes are used both for the 
stnaulatmg and cahbratmg currents, thus the cahbrating current passes 
through the full length of the muscle The whole rigid structure bearing 
muscle and thermopile is contamed m a moist chamber filled ivith 
oxygen and kept at very constant temperature inside the usual Dewar 
flask The wire connectmg the free end of the muscle with the device for 
measurmg work passes out of the moist chamber through a long, narrow 
glass tube, as m previous cases where heat and tension have been 
measured together In this way simultaneous measurements of heat and 
work can be made 

The device referred to for measurmg work produces a contmuous 
tension-length curve for the muscle throughout a stretch or release It 
IS analogous, but not similar m design, to the Bhx Myograph figured m 

Fick’s book ((4), p 23) Itgives, mcurvilmearcoordmates, an“mdicator 



Fife 1 I’JiotofempIi of dcMrt- iist-d for VTitinfc contmiiouB (cnHion Fnfrtli 
cun cs of mubcic during shorfcninfe or stretclmife’ 
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diacrram” for tlie ^oxfang muscle In this diagram ordinates give dis- 
placements of the free end of the muscle, abscissas tenaons, and con 
sequently the area of the diagram is a measure of the vork done on or y 
the muscle It is best eirplamed with reference to the accompanymg 
diagram (Fig 1 «) The photograph (Fig 1) will also ser^m to make the 



Fig I a Diagram oi device Bhown in Fig 1 


matter clearer L is an isometnc lever to which the free end of the muscle 
M is attached by the wire Z The lever L is ngidly fixed, by an L- 
ahaped metal connection E, to a brass rod R, which may be rotated 
about an axis B, perpendicular to the plane of the diagram, by smtably 
suspended weights IF The angle of rotation is controlled by adjustable 
stops S jR 18 held m an mitial horizontal position, until the moment of 
release, by a catch D controlled by an electromagnet Q The speed of 
rotation is constant, due to nearly instantaneous critical dampmg by 
the dash-pot P, it may be adjusted at will by the weights employed, and 
by a tap belonging to the dash-pot The lever L is eqmpped with a 
writing pomter C, which is perpendicular to R (in the plane of the figure) 
when the lei er is not under tension The tip of G hes m the hne of R 
(produced) Thus, when R is rotated from its restmg horizontal position 
through a small angle, the tip of C describes what is very nearly a straight 
\ crtical hne, provided the lever is not under tension. If, on the other 
hand, the tip of C is displaced from the position of zero tension, R re- 
mammg stationary, it will descnbe an arc of a circle of radius equal to 
the length of C, cutting this vertical hne at nght angles FFhen the 
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stimulated muscle under tension is stretched, or is allowed to shorten, 
the tip of C will thus receive both horizontal and vertical displacements, 
and wiU describe a curve hke that shown m Fig 2 Actual curves, traced 
by the pomter on smoked paper, are given m Fig 3 




Fig 3 Tension length ourres recorded for biceps cruris ‘ long 

large onrves for stretches Isolated lines represent isometnc contra 

or ‘short ’ positions. 

That the curves really serve to measure the work may for cases 

arcs of horizontal displacement are small, not differing ^ at right 

covered by the experiments, and smee they aU oat of the cunc, 

angles, they may be taken as paraUel without appreciable , 

closed by the hne of zero tension, may bo taken as nearly equal to j rdl 

denotes an element of vertical displacement at nn> “,“^^^p“crtical^splaccmcnt 

zontal displacement Butdfean beshown asfoUows to becqual to the verti 
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of the free end of the moscle Let 5. C and i m Fig 4 refer respeoUvely to the a^ of 
«t^on of the bar, the tip of the pointer in the position of «ro tension, and the long a^ 



ofthegpnngof thelerer Let SC = o, and /. C5L=o. The tnangle CSS is ngid, and moves 
as a irhole (e,g to C BL ) when the bar B is rotated. Suppose now that S is rotated throagh 
an angle <?■' Then C traces a vertical element dl -adB, and at the same brae L traces an 

element LL = — — This element mahes an angle a with the verbeaL and has a verbeal 
cos a 

component LP^LL cos a=ade=dl The free end of the moscle bemg attached to L, is 
thns given a vertical displacement dt Furthermore, retnnung to Kg 2, r is proporbonal to 
the tension everted hv the muscle, the spring bemg so cbooen that over the range of forces 
everted b\ the muscle /=iir where /denotes force and K is a constant Consequently 



where jlTj is the work done bv, or on, the muscle when its length changes from f, to fj 
Bi calibrating the spring we may determine K Xow we have seen that f' rdl is sensiblv 

J' 

equal to the area of the curve written bv the bp of C completed bv the Ime of zero tension. 
ConsequentK bv measuring this area with a plarumeter and multipiymg bv K we obtain 
direcllv the work done bv or on, the mnscle It mav be remarked that smee the length of 
the wire joimng the muscle to the lever is great the horizontal displacement of L will 
give iw to onli a verv shght horizontal displacement of the free end of the muscle 

In pnehee a light isotomc lever, as used by A V Hill {(o), Fig 3, 
p 240) m recent measurements of beat production, was mterposed 
betv, ecu tbe muscle and the isometnc lever, being fixed to the bar i? 
Thi^ was to ensure that tbe beat was measured (by tbe mn-nm nip 
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deflection of tlie galvanometer after the moment of relaxation) at tlic 
greater length of the muscle, the length at which the cahbration was later 
earned out Smee this lever performed a complete cycle between the 
beginmng of the stimulus and the maximum deflection of the galvano 
meter it mtroduced no additional corrections 

In an actual experiment the muscle is set up on the thermopile, as 
previously desenhed, and attached to the lever L by the wire Z It is 
adjusted so that its stretched length is just greater than its restmg 
unloaded length When this is the case the isometric heat at the greater 
length IS nearly equal to that at the shorter length (about 7 mm less) 
The existence of this approximate equahty is essential to the argument 
When the system has attamed thermal equihbrium the pomt of the 
wnting arm C is brought mto contact with a plane surface of smoked 
paper on which it writes freely At a given moment a tetamc stimulus 
is apphed by the breaking of a short-circmt by one of the arms of a 
Lucas revolving contact breaker After a fixed mterval of time sufiScient 
to allow development of maximum tension the ciromt contaimng the 
electromagnet Q is broken by a second arm of the contact breaker, and 
the muscle is allowed to shorten, or is stretched, under tension and at a 
constant speed deter min ed by the weights and the adjustment of the 
dash-pot After the lapse of an mterval great enough to allow com 
pletion of the movement the stimulus is removed by the breaking of the 
primary circmt of the mduction coil by the third arm of the contact 
breaker The reading of the galvanometer is then taken, the properties 
of thermopile and galvanometer bemg so chosen as to ensure that 
maximum deflection occurs only after relaxation is complete, without 
danger of heat having been lost by the thermopile m the mtervaP 
In the meantime the pomter 0 has wntten the curve from which 
the work done by, or on, the muscle can be later calculated Stretches 
and releases, as well as isometric “long” and “short" heat measure 
ments, are made m this way m a definite order of rotation, each experi 
ment having at least three cycles It is of course essential to insure 
that the stretches and releases should always take place between the 
same lengths of the muscle To allow of this the whole instrument for 
measurmg work is mounted on a stand which can be raised and lowered 
by a screw adjustment At the conclusion of the experiment the muscle 

* Tho fulfilment of this condition mny bo tested nt the end of the oxpenment henting 
tlio dead muaclo for vanons times, up to that occupied by tho actual stretches and releases, 
b} a constant altematmg current In this case the deflection of tho galmnometer shon 
bo proportional to tho duration of the heatmg up to tho Innit considered 
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IS calibrated m tbe usual ^vay to allow for couversiou of galvanometer 
readings into ergs 

An objection may be raised, based on tbe contention that the system of the mre and 
lever (Z and L) la not truly isometnc, so that the curves irntten by the pomter do not give 
the ivorhs actually done by or on the muscle Beyond doubt the lever snie system is ex 
tensible, mdeed, it may be shoivn by carrying out a complete cvcle mth it that it behaves 
hke a very stifi spring possessed of negbgible hvsteresis. But precisely for this reason it 
foUoiTB that the errors m the measnremcnts of rrork cancel one another, though the areas 
of the curves taken alone require corrections Consider the case of a shorteiung muscle 
Before release the muscle develops tension “isometncallv” and does ivorh not recorded on 
the diagram, smce the pomter simply moves to the right During the shortemng the tension 
falls and the pomter moves hack towards the left At the game time the lever wire system, 
reheved of a certam amount of tension, must shorten, Bor this reason the vertical displace 
ment on the tension length curve is greater than the true shortening of the muscle, and the 
work recorded is correspondmgly too large On relaxation the lever wire system shortens 
still further, actually doing work on the mnsde not recorded at all But smce the lever wire 
system possesses no appreciable hystercsiB, the excess work registered on the diagram and 
tbe work done on the muscle at relaxation together exactly n ullif y the unrecorded work 
done by the muscle 'isometncally” before release Similar considerations apply to the 
case of a stretch The objection is thus seen to be groundless 

IV Experimental results The experiments earned out fall mto two 
classes, those done in the aprmg of 1926 and those done m the following 
autumn During the mtervening summer the tortoises obtamable were 
found to be m bad condition and unsuitable for the experiments The 
two sets of observations were ahke m showmg that the heats, measured 
and corrected accordmg to the procedure described above, were imequal, 
the heats for the releases being clearly greater than those for the stretches 
The size of the difiexeuce varied from experiment to experiment and was 
of the order of 30-40 p c for the mean values The “isometnc long” 
and the “isometnc short” heats lay m general between the two The 
data of a smgle typical experunent are given m Table I 


Tabled BesultsofExp 6, SetlL 


Operation 
Shortemng 
Stretch 
Isometnc long 
short 

Shortening 
Stretch 
Isometnc long 
, short 

Shortemng 
Stretch 
I'omctno long 
. short 

Shortening 
Stretch 


Gross heat 

Work 

(lO" ergs) 

(lO’ ergs) 

107 

37 

204 

118 

103 



123 


101 

40 

OOI> 

120 

no 



129 

■ ___ 

107 

3G 

221 

113 

109 


129 



115 

39 

224 

IIG 


Net heat 
(KB ergs) 
144 
86 
103 
123 
141 
102 
no 

129 

143 

108 

109 

129 

157 

lOS 
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It was thought desirable, smce the muscles varied considerablj' 
according to their size and condition m the amounts of heat which they 
produced, to “reduce” the results so as to make them more stnctly 
comparable For this purpose the heats for stretch, release, “isometnc 
long” and “isometnc short” were averaged for each expenment, and 
the averages were then multiphed by a scale factor so chosen as to reduce 
the average value of the “isometnc long” heat to 100,000 ergs The 
results of the two sets of expenments, so treated, are given m Table II 
It IS easily seen that the two sets of expenments are very similar, 
though there is considerable vanation among the mdividual expenments 
compnsmg each set In order to get representative values of the diSerent 
heats for the two sets, m view of the fact that the expenments of each 
set appeared, m the judgment of the observer, to be of vanous degrees 
of rehabihty, weights were assigned to each expenment, and weighted 


Exp Weight 

1 2 

2 2 

3 1 

4 2 

6 1 


1 2 

2 2 

3 1 

4 2 

6 1 

Weighted mean 


1 2 

2 6 

3 6 

4 3 

6 5 

0 6 

7 6 


1 2 

2 5 

3 5 

4 3 

5 6 

G 5 

7 C 

Weighted mean 


Table n Snmmaiy of expenments 


Set L 


Work (10^ ergs) 

— 


A 

/ 


f 


Short- 

Isometnc 

Stretch 

ening 

long 

68 

24 

84 

98 

60 

254 

179 

96 

374 

174 

67 

190 

68 

29 

200 

Same, reduced to 100,000 ei^ 

81 

29 

100 

39 

22 

100 

48 

26 

100 

92 

36 

100 

34 

16 

100 

63 

27 

100 



Set n. 

206 

62 

404 

169 

78 

276 

210 

118 

404 

178 

87 

389 

117 

38 

107 

100 

02 

195 

114 

47 

105 


Heat, oorreoted (lO’ ergs) 


Isometnc 

short 

86 

266 

409 

220 

220 


Stretch 

73 

264 

383 

174 

209 


Shortening 

108 

289 

465 

203 

234 


for isometnc long 

103 87 

101 100 

109 102 

110 92 

113 104 


108 95 


124 

114 

124 

130 

117 

'm 


436 

311 

441 

389 

124 

225 

no 


462 

291 

446 

378 

101 

174 

80 


495 

383 

625 

470 

140 

281 

153 




Same, reduced to 100,000 ergs for isometnc long 


44 

13 

100 

94 

01 

38 

100 

113 

47 

27 

100 

109 

40 

22 

100 

100 

109 

36 

100 

110 

01 

46 

100 

116 

109 

45 

100 

105 

72 

30 

100 

107 


98 

106 

111 

97 

94 

89 

76 


107 

139 
130 
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means for tbe difieient teats for eact set were obtemed These, together 

xnth the weights, are also given m Table II ^ ^ . 4- 

Y Discussion It is at once evident that jnst the reverse of what 
would be expected from hick’s hypothesis is m fact the case the test 
appears to be fatal to the hypothesis To be snre it is observed that the 
“isometnc long” and “isometnc short” heats are not quite the same 
the mean values for the “isometnc short ’ heats are 7 p c or 8 p c 
greater than those for the “isometnc long” heats This, however, camot 
possibly explain the much larger differences between the heats of 
“stretch ’ and “shortemng so we are left with the conclusion that 
the physiological response, as measured by heat production, 
is less for a stretch than for a shortening, whereas the work, 
recorded bv the diagram, is greater Consequently, the difference 
between the works (a) for a stretch and (6) for a release cannot be 
ascnbed to a difference m phvsiological response of the muscle m the 
two cases, and we are constramed to fall back on the explanabon offered 
by Hill and bis co-workers, unless at least some third alternative is 
offered 

So much as regards work But how are we to account for the pheno- 
mena in the case of the heats? YTe have ]ust seen that the heats of 
shortening are always considerably greater than those of stretching Are 
we to make a new assumption ]ust contrary to Fick’s assumption? IVe 
might mdeed suppose that there is a regulatory mechanism m the 
muscle which cuts down its response when it is being stretched aud work 
IS bemg done on it and which mcreases its response when it is actively 
shortemng and itself domg work Such a supposition, however while 
gii-mg an ad hoc explanation of the discrepancv of the heats, is not 
fa\ oured bv the results m regard to the works It is moreover unneces- 
cari It IS easy to show that without makmg anv such hypothesis it is 
po-aible to explain the mequahtv of the heats by a simple modification 
of our imtial assumption that the mechamcal potential energy appears 
quantitatiN elv as heat m relaxation 

'Let us suppose that when the muscle relaxes onlv a fraction of its 
mecfiamcal potential energy is transformed mto heat the rest appearmg 
m some other guise eg as chemical energy {see A V Hill(5),Garner(o)) 
Then it is clear that if ue stretch a muscle a fraction only of the work 
done on it m increasing its potenttal energy will appear as beat m 
relaxation Consequently, m applymg our corrections to the heats for 
the rtraches we are subtracting too much from the ohseryed yalues 
4 imilarh , in the case of the releases we are adding too much, and we 
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should expect what m fact we find, that the corrected heat in the 
stretches is less than the corrected heat m the releases, even though the 
physiological response of the muscle is the same for both cases It 
cannot he demed that by modifying our fundamental assumption in tbs 
way we weaken our case against Fick we open a possible loophole of 
escape Yet the matter is not senous If we do not make this modifica 
tion we are forced not only to reject Yick’ s view, but to accept the direct 
opposite By mtroducmg it we are enabled to explam the results without 
supposmg that the physiological response of the muscle differs for 
stretches and releases, and we rmght conceivably go further still and 
msist on Fick’s hypothesis Yet such procedure not only appears 
highly gratmtous, but would demand, as will appear presently, an un 
expectedly small value for the fraction of potential energy passing into 
heat at relaxation 

It is instructive to formulate the matter algebraically For t s 
purpose some discussion is necessary If we stimulate a muscle isc^e 
tncaUy for different tunes and plot total heat production (which ere 
needs no correction) as ordinate against the corresponding duration o 
stimulus as abscissa, we get a curve which is approximately a straig 



too of positive slope Such an e-qienmental curve 

given m Rg 6 The equation of thia line mu? be "-ntten « - rl + K' 
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Here Q is to be mterpieted as tbe total beat produced bv tbe muscle 
as tbe beat corresponding to a very short stimulus (j^ist suf&aent fully 
to excite tbe muscle), and B as the excess beat produced per unit tune 
for a stimulus of finite duration B is also equal to tbe slope of tbe line 
Xow Hill and Hartree’s analyses have sboim that tbe beat produced 
m a smgle tvntcb may be divided mto tvro parts, of 'which one is tbe 
mitial burst of beat and tbe other tbe beat given out on relaxation. TVe 
■will therefore regard A as tbe sum of two terms bke tbe above, and we 
will further identify tbe beat of relaxation with tbe disappearance of 
tbe mecbamcal potential energy of tbe contractmg muscle Thus, letting 
H denote tbe imtial b'orst of beat, P tbe potential energy of tbe con- 
tractmg m'UEcle, and a the fraction of this energy appea r in g as beat 
at tbe moment of relaxation, we can •wnte for tbe beat produced iso- 
metncallv during a tetanus at any length 1, 

Q^H-aP~Bt 

0% er the range of lengths used m these experiments, B (giving tbe slope 
of the curve discussed above) mav be taken as mdependent of tbe length 
of the muscle Its efiect is m any case not predommant Consequently 
if fj is the greater, f, tbe shorter length of tbe muscle we may wnte for 
the isometnc long and isometnc short beats respectivelv 

= Hj — aPj — Bt 
and = Ho - cPo — B( 

For the work of a stretch we -wnte .TTi and for the work of a sborten- 
mg jlT; These works, as recorded bv our mdicator diagrams, are not 
equal olTi is greater ^TT, less, than the thermod-vnamic work — P, 
In mikmg our corrections it is the quantities jTT, and jlF^ that we 
actuallv emplov }se% ertheless since the differences between the actual 
works and the thermodvnamic work appear either m our galvanometer 
readings or m our work curves and smee m all our experiments the true 
i-omitnc 1 alue of the tension for the final length (whether after a stretch 
or shortenmu) is alwavs attamed before relaxation, reflection will show 
that the effect of the corrections mav be expressed m terms of the P s 
The corrected heat for a stretch then becomes 

Q trcich — H. — aPj — Bt — (Pj — P,) 
ind that for a shortemns 

Q'lortrnlci: = — ePo — Bt ~ (Pj — P,) 

Hut Muce Isometnc long and isometnc short heats are nearly equal. 
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t e = ^ 2 , we have 11^ = — a (Pj — Pg) Consequently the differ 
ence (^shortening “ fttretch) IS equal to 

2(l-a)(Pi-Pg) 

This quantity is positive since a is by hypothesis a fraction, and Pj is 
necessarily greater than Pg (as has been found by the experiments 
described above) This simple hypothesis, therefore, regarding the fate 
of the mechamcal potential energy of the muscle in relaxation serves 
qmte as well to explam our results as any assumption of a “governor 
mechamsm” m the muscle 

If we know (Pj — Pg), that is, the thermodynamic work for change 
of length of the muscle from Zj to Ig, it is obviously possible to calculate 
(1 — a), z e the fraction of the mechamcal energy of the excited muscle 
available in relaxation for chemical synthesis, etc But, since the 
stretches and releases were made at nearly the same speed, we shall not 
mcur a very large error if we take (Pj — Pg) as the mean of jTfj and jll i 
Makmg use of these values for (P^ — Pg) we get for (Z — a) the results 
shown m Table III 


Table IIL Values of (1 - a) for the vanous exponmonts. 


Sin: I 


Sct II 


' No of 


" No of 

' 

espenment 

(1-a) 

oxpenmcnt 

(1-a) 

1 

34 

1 

10 

2 

23 

2 

33 

3 

30 

3 

24 

4 

27 

4 

35 

6 

20 

5 

29 

Weighted inean= 32 (weights 
ns in Table II) 

0 

7 

Weighted mcan= 30 (we) 

5l 

49 

ights ns ID 


It is worth notmg that such a reabsorption of part of the muscular 
potential energy dimng relaxation nould be of verj’’ great value to the 
ammal This would be particularly the case for ammals hke the frog, 
wbhse locomotion is efiected by twitches of the leg muscles rather than 
by any considerable shortemng Indeed very seldom can muscles at 
work m the ammal be supposed to shorten to the pomt nherc the iso 
metric tension falls to zero , there must accordingly be a very considera e 
waste n ben, on relaxation, the potential energy of the contracted musc c 
passes over into heat Any pronsion for the utihsation of even part o 
this energy would be valuable 

It IS interestmg to compare the magmtude of such a restoration 
assummg its existence — vuth that due to aerobic recoi cry as estiniatci y 
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Hill and Meyerhof The total mechanical potential energy of a tortoise 
muscle at the restmg unloaded length, reckoned from the work diagrams 
obtamed m these experiments, is approximately equal (within about 
10 p c ) to the isometnc heat for this length This is in accord with 
previous observations on the relation between anaerobic heat and 
theoretical work Thus, at the restmg length of the muscle the amount 
of mechamcal potential energy available for re-synthesis of breakdown 
products dunng relaxation is about 33 p c of the anaerobic heat pro- 
duction How Hill and Meyerhof (T) have shown that m aerobic 
recovery, of every 1 grm of lactic acid set free m the initial phases of 
contraction, about 0 8 grm is restored to its mitial condition, the 
remamder bemg oxidised, so that the energy absorbed m aerobic recovery 
is about 80 p c of that given out m the precedmg anaerobic breakdown 
Consequently, the effect of the restoration discussed above would be, 
at the restmg length of the muscle, between one-half and one-third of 
that described by A V Hill and Meyerhof, between one-third and 
one-quarter of the whole 

According to the above calculations about 30 p c of the potenbal energy of the con 
traotmg muscle is restored as chemical energy daring relaxation it is perhaps pertinent to 

80 

note that of the energy Lberated by ondation in recovery about , t e 35 p o , is 

oU + l&V 

stored as chemical energy m the re synthesis of lactate into glycogen 

SlTilMAHY 

1 A maximally tetamsed skeletal muscle exerts a greater force 
while bemg stretched, a smaller force while shortenmg, than durmg an 
isometnc contraction This phenomenon has been attributed by A V 
Hill and his co-workers to irreversible physical factors such as viscosity, 
by Fick, however, who was famihar with the same fact, it was asenbed 
to a change in the ‘ physiological response of the muscle” evoked by the 
actual process of stretch or release Expenments have been undertaken 
and are here desenbed to decide between these alternative views These 
expenments employ as the entenon of the “physiological response” the 
total energy hberated by the muscle 

2 MTien the biceps cruns muscle of the tortoise, undergomg a 4-6 
'-econds tetanus, is allowed to shorten, or is stretched, between two 
lengths the work done on it dunng the strctchmg is considerably greater 
than that done b) it when it shortens, to an extent dependmg on the 
'-peed of niox enicnt The correspondmg total energies, on the other hand 
(heat - work and heat -t- work respectn ely), bear just the opposite 
relation, the cnergi liberated during a stretch bemg 30-40 p c less than 
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that liberated duxmg a release Fick’s bypotbesis is consequently 
discredited tbe greater work is not associa|;ed with a greater bberabon 
of energy ^ — -rather in fact the reverse We are left with the necessity of 
finding a physical explanation of the phenomenon 

3 In carrying out the test described above it was assumed that 
the potential energy undeniably existing m the contracting muscle is 
degraded quantitatively mto heat durmg relaxation This assumption 
IS not necessary if we suppose that about one-third of this energy is 
reabsorbed durmg relaxation in helpmg to effect those chemical re 
syntheses which are completed m oxidative recovery, then we are able 
quantitatively to explam the phenomena without havmg recourse to 
any hypothetical “governor mechanism” m the muscle 

I have been mdehted throughout the whole course of this research 
to the suggestions and encouragement of Prof A V Hill, whom I take 
this occasion to thank for his kmdness The expenses of the work have 
been home by a grant of the Royal Society to him 


BEFERENCEb 

1 Hill, A. V This Joum. 60 p 18 1922 

2 Lupton Ibii 67 p 08 1922 

3 Gasser and Hill, A V Proo Roy Soo B, 90 p 398 1024 

4 Pick. Meohan. Arbeit u Warmeentwiokelung b d. Muskeltatigkeit, pp 23-- 

Leipzig, 1882 

6 Hill, A V This Joum 00 p 237 1926 

6 Garner Proc Roy Soo B, 99 p 40 1925 

7 Hill, A V and Meyerhof Ergeb d. Physiol 22 p 300 1923 



THE CONDUCTION OF RESPIRATORY NERVOUS 
IMPULSES THROUGH REGIONS OF BLOCK 
PRODUCED BY PRESSURE 

By grace BRISCOE, MB, BS 

^Eroni the Physiological Laboratory, London {ES H ) 

School of Medicine for Women ) 

Introductory In almost any region ol tEe body pathological changes 
may produce pressure on nerves of such intensity as to abohsh the 
function of conduction The phremc nerve not uncommonlv sufiers in 
this -way, and Charlton Briscoe(i) has shown that a definite syndrome 
of signs and symptoms is produced by the resultmg unilateral paralysis 
of the diaphragm His work, based on chnical cases and post-mortem 
evidence, suggests mterestmg problems connected with nen e-pressure 
block, the mvestigation of which has been the object of the foUowmg 
experiments 

He found various lesions causing pressure on the phremc nerve and 
paralpis of the diaphragm, but though there commonly resulted a 
defimte constriction or waist on the nerve trunk m no case could de- 
generative changes be demonstrated by the methods of st ainin g of 
Marchi or "Weigert Pal Purther, m cases of mahgnant disease the 
growth had frequently faded to infiltrate the fibrous sheath of the ner\ e 
and directly to imphcate the conduction tissues These observations 
suggest that simple mechamcal constriction was the direct paralvsmg 
agent, and not infiltration of the nerve proper or degeneration of its 
conductmg elements 

The X-ray appearances suggested a second problem lYoodburn 
MorisonC) has shown that m “Eventratio Diaphragmatica ” a con- 
gemtal condition m which the muscular tissue on the affected side is un- 
dei eloped, elevation of this side is a constant phenomenon In acquired 
paralysis of one side, however, he found that elevation might be shght, 
and m Briscoe’s cases elevation was by no means constant, so that the 
question arises whether the diaphragm can retam tone after its nerve 
has lost the power of conductmg motor impulses 

The true diagnostic feature of unilateral phremc paralysis, as far as 
X-ray exanunation is concerned, is “reversed” movement of the para- 

PH LXI 
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tliat liberated durmg a release Pick’s hypothesis is consequently 
discredited the greater work is not associated with a greater hberation 
of energy — rather in fact the reverse We are left with the necessity of 
fi nd i ng a physical explanation of the phenomenon 

3 In carrymg out the test described above it was assumed that 
the potential energy undemably existmg in the contractmg muscle is 
degraded quantitatively mto heat durmg relaxation This assumption 
IS not necessary if we suppose that about one-third of this energy is 
reabsorbed durmg relaxation m helpmg to effect those chemical re 
syntheses which are completed m oxidative recovery, then we are able 
quantitatively to explam the phenomena without havmg recourse to 
any hypothetical “governor mechamsm’’ m the muscle 

I have been mdebted throughout the whole course of this research 
to the suggestions and encouragement of Prof A V Hill, whom I take 
this occasion to thank for his kmdness The expenses of the work have 
been borne by a grant of the Royal Society to him 
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IMPULSES THROUGH REGIONS OF BLOCK 
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Introductory In almost any region of the body pathological changes 
may produce pressure on nerves of such mtensity as to abohsh the 
function of conduction The phremc nerve not uncommonly suffers m 
this vay, and Charlton Briscoea) has shovm that a defimte syndrome 
of signs and symptoms is produced by the resultmg unilateral paralysis 
of the diaphragm. His vork, based on cluneal cases and post-mortem 
evidence, suggests mteresting problems connected mth nerve-pressure 
block, the mvestigation of vrhich has been the object of the foUomng 
experiments 

He found vanous lesions causing pressure on the phremc nerve and 
paralysis of the diaphragm, but though there commonly resulted a 
defimte constriction or vraist on the nerve trunk m no case could de- 
generative changes be demonstrated by the methods of sta inin g of 
Marchi or Weigert Pal Further, m cases of mabgnant disease the 
groivth had frequently failed to infiltrate the fibrous sheath of the nerve 
and directly to imphcate the conduction tissues These observations 
suggest that simple mechamcal constriction vas the direct paralysmg 
agent, and not infiltration of the nerve proper or degeneration of its 
conducting elements 

The X-ray appearances suggested a second problem. "Woodburn 
Morison(2) has shoivn that m “Eventratio Diaphragmatica ’ a con- 
gemtal condition m vrhich the muscular tissue on the affected side is un- 
developed, elevation of this side is a constant phenomenon In acquired 
paralysis of one side, however, he found that elevation might be shght, 
and m Briscoe’s cases elevation was by no means constant, so that the 
question anses whether the diaphragm can retam tone after its nerve 
has lost the power of conducting motor impulses 

The true diagnostic feature of unilateral phremc paralysis, as far as 
X-ray exammabon is concerned, is “reversed” movement of the para- 
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lysed half of the diaphragm Not only does it fail to descend, but it may 
ascend, while the sound half is contractmg This occurs during qmet 
respiration, but if a deep breath be taken these abnormal movements 
may be obscured This may be explamed as due to excessive action of the 
chest, or drag from the sound side, but the possibihty remams that it 
might be due to the breakmg through of the nerve block by stronger 
respiratory impulses 

The pomts which presented themselves for mvestigation were as 
follows The amount of pressure necessary to cause loss of conduction 
of the nervous impulses which (a) subserve contraction, and (i) control 
tone, the possibdity of stronger nervous impulses breakmg through a 
region of block which is impenetrable to the impulses of normal qmet 
respiration 

Historical An account of the early work on Nerve Compression will 
be found m Luciani’s Phystology(3) The pomt at issue was whether 
gradual compression would abohsh conductivity m a nerve without any 
mcreased excitabihty All the early experiments were earned out by 
crushmg methods, the nerve bemg compressed by weights Meak and 
Leaper, 1911(4), set out to measure the pressure necessary to block 
conduction m a nerve, the pressure bemg transmitted by oil to the outside 
of a blood vessel, through which the nerve was passed They found that 
the average time required to block the nerve impulse m the frog’s sciatic, 
by means of a constant pressure of 40 lbs , was 7 5 mmutes Meak an 
Leaper do not state to what umt of area their pressure is apphcab e, 
but assummg that they mean 40 lbs to the square mch, then tbs woul 
be eqmvalent to a pressure of nearly 2^ atmospheres, i e the eig o 


a column of Hg 2026 mm high 

Methods The mam part of this mvestigation has been earned o 
on cats, usmg the diaphragm and the phremes A large number ot ex- 
periments have also been made on gastrocnemius-sciatic preparatt 

from the frog and toad These have been regarded as supplemen ary 
the phremc experiments, and they will not be given m detaU 

Thirty-three cats have been used In the early expenments etue 
and urethane were employed as anaesthetics, and m the later e 
and chloralose Eight of the preparations were decerebrate, g 

Sherrmgton’s trephme method , , x i,io The two 

The auffisthetised ammal was firmly fastened to the tobl 

domes of the diaphragm and the thorax were 

phremc on one side of the neck was then dissected and finally p 

applied 
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Tlus method of lecotdmg the action of the diaphragm was chosen 
in preference to Head’s shps, because the ontlme of the excursion of the 
■domes is the movement seen during X-ray esammation 

To record the movements of the diaphragm a central mcision was 
made m the abdommal wall Hooks were fixed m the abdommal surfaces 
of the domes Threads attached to these hooks emerged through small 
openings m the abdommal wall on each side of the central mcision, and 
vere connected to simple crank levers wntmg one above the other on a 
kymograph It was found that the best way to prevent faction was to 
use vasehne freely on the threads and on the abdommal wounds A short 
record was taken to see that the two levers were movmg equally Unless 
the two hooks are placed m approximately the same relative position 
there may be considerable difference m lever excursion on the two sides 
Gunn’s (5) rubber stethograph proved the most satisfactory method of 
recording chest movement Inspiration is recorded as an upstroke m the 
•chest movement, as a downstroke m the diaphragm movements 

■When all the levers were wntmg eatiBfactotilj- a control tracing was taken- It is 
•essential if changes of tone are to be recorded that there shall he no alteration of the levers 
or threads after the control tracing has been taken- The animal mnst be firmlv Becnred to 
the table, and the dissection of the phrenic peifonned with evervthing in poation, and the 
levers recording on the stationary drum- In. this way any damage done to the nerve bv dis 
section 13 demonstrated at once for the lever attached to the experimental mde rises and its 
excursion is diminished. If this happens condnchon may be restored by giving the nerve 
rest for a few nunutes and placing a pad soaked m warm salme on the wound. If con 
duction does not completely recover the early changes of tone and movement are lost. Any 
struggle will of course nbate the results. For this reason chloralose is the most useful 
antesthetic and ether is only necessary for induction. 

lu usmg tbe word “tone” m this commumcation I am referrmg to 
tbe height of the diaphragm at the end of expiration Sherrington(6) 
referrmg to the diaphragm as one of the muscles lumting the abdominal 
chamber, recalls that Dittler found that its action currents did not 
subside completely, even at the end of expiration, and suggests that since 
there is a residual degree of contraction still persisting, the diaphragm 
IS m a state of “ postural contraction ” or “reflex tonus ” at the end of the 
expiratory period If, therefore, the expuratory level of the tracing drops 
on the experimental side this is regarded as a nse of tone, if the level 
rises, a loss of tone is argued In this connection the tracing of the sound 
side acts as a control, as one leaflet of the diaphragm wdl mamtain a 
uniform level and excursion over prolonged periods 

Care mnst be taken to identify all the roots of the phremc The nerve 
was alwa^exammed post-mortem, to see if aU the roots had been com- 
pressed There is snch variation m the roots of the phremc m the cat 

24r~2 
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that it 18 easy to miss one Frequently the roots do not ]om together to 
form a common trunk until the nerve has passed mto the thorax In 
such a case the roots must he compressed together In one or tiro cases 
I missed a root, and so faded to get complete block 
Three methods of nerve block have been employed 

(a) Pressure by rubber covered forceps The forceps Trere provided with rubber covered 
jaws 5 mm wide, with parallel sides The nerve, having been freed sufficiently from the 
snrronndmg tissues, was picked up in the forceps and pressure made until conduotion 
ceased. Care was taken not to drag on the nerve By this method very quick compression 
was posable, but no measurement of the pressure used could be obtamed 

(b) Pressure by band and weights The nerve was freed sufficiently to allow a nbbon 
4 or 6 mm wide to be shpped underneath. This nbbon or band was of the kmd known as 
“double satm ” It has a smooth surface on both sides and is strong enough to withstand 
stretohmg by small weights This nbbon was soaked m warm sahne before use The length 
of the nbbon was about 10 cm and the two ends, after the nbbon was m position, were 
tied together by a strong thread, which then passed over a pulley fixed directly above the 
nerve A hook was placed on the free end of the thread, so that weights could be applied 
qmokly Below the pulley, and fixed to the same stand, was a small hammer with a smooth 
rounded ivory head of the same cross section throughout (r=7 mm ) This hammer head 
was shpped mto position inside the nbbon loop and just tonchmg the nerve The weights 
were then hung on to the hook attached to the end of the thread psssmg over the puUcj , 
and as the pulley and the hammer were both clamped firmly to the same stand, the nerve 
was compressed between the nbbon and the smooth surface of the hammer head without 
any draggmg This simple method of pressure proved very useful, as so httle manipulation 
of the nerve was required, it was only necessary to free it from the surrounduig tissues for 
about 10 mm It did not give an absolute measurement of the pressure used, for necessanij 
a portion of the weight was taken by the rounded surface of the hammer over which the 
nbbon passed. 

(c) Atr pressure method In order to obtam a measure of pressure which woul 

absolute, a third method was devised. A pressure system was constructed by which t c 
nerve could be compressed in situ by air pressure agamst a metal support The pressure 
system meluded a mercury manometer, registering up to 1300 mm of Hg a bicycle pump 
and a pressure box, the distal end of which was closed by a rubber membrane 4 mm m 
thickness . 

The pressure box (B) was held m an outer metal case (A) mto which it shpped ca i } , 
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and was fixed firmly in position by the «crew (C) the tube {D), gomg to the manometer 
and bicTcle pump, being engaged in the slot {E) The outer case (A) iraa furnished mth a 
platform (F) on which the nerve rested. Two pressure boxes were used, one with a platform 
6 mm m diameter, the other 3 mm m diameter The nerve was thus compressed over a 
defimte length. Before use the whole pressure box was kept m warm saUne, and a sheet 
of mesentery was spread over both the metal platform and the surface of the rubber mem 
brane to prevent ictual contact with the nerve When the nerve had been freed for a 
sufficient distance the platform (F) was placed underneath it care bemg taken not to 
stretch the nerve The outer case (.1) was held m position bv a clamp The pressure box (S) 
was shpped umde the outer case (_A), the tube (B) engaging m slot (£) until the rubber 
membrane just touched the nerve Ivmg on the platform (F) Then the screw at (C) was 
tightened, and the whole formed a closed avstem m which any metease of pressure was 
transrmtted to the nerve through the rubber membrane Pressure was raised by usmg the 
bicycle pump, and the amount registered bv the Hg manometer 

It was found possible to keep up a pressnre of 1000 mm. of Hg without appreciable 
leak, by using a rubber -4 mm. thick. Vanous other materials were tned, but none could 
withstand the pressure used, and even with this thickness of rubber there was an occasional 
burst if the pressure was raised much above 1000 mm. As the membrane was supported 
against the platform no force was wasted m distendmg the rubber The pressure could be 
raised to 1000 mm. of Hg m less than half a mmnte 

In tte frog and toad esqjenments, single break sbocks from an in- 
duction cod were used, tbe kathode bemg placed toward the seat of 
compression and the muscle The shocks were sent m at regular mtervals 
(5 or 6 seconds) and the contractions recorded on a slowly moving drum 
The threshold was first tested, and the stimuli used were either ]ust 
maximal or just snb-maximal The electrodes (guarded wire 3 mm apart) 
were placed as far as possible from the site of compression, so as to pre- 
clnde escape of current around the area of block This is a very necessary 
precaution (Kato(T)) 

In the cat experiments artificial stimuli have not been used, but a 
conduction block has been apphed to the natural respiratory impulses 
passmg down the phremc nerve The difficulties associated with the use 
of electrical stimuh have thus been avoided Moreover, the phremc 
nerve has been subjected to a form of blocking to which it is hable m 
disease, t e compression by mechamcal factors 


aesuUs 

(a) Meamrement of ^pressure The amount of pressure necessary to 
produce block vanes considerably m difierent animals In large animals 
a greater compression is needed For example, m a medium sized cat 
a pressure of 1100 mm Hg apphed to the phremc nerve abolished 
conduction m 13 rmnntes, the excursion of the diaphragm being halve 
in 4 mmutes But m a large old cat a similar pressure ^hed for 
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R.Donve’ 


16 minutes produced a partial block only, the excursion being reduced 
to two-thirds Smce it was not possible to mcrease the air-pressure 
further a 6 mm band and weights were substituted, 1126 grm was then 
required to abohsh conduction, a weight 
much m excess of the average require- 
ment 

The cnterion of complete block is 
either absence of movement on the 
afEected side of the diaphragm, or a 
passive movement, transmitted from 
the chest and normal side This passive 
movement is inverse to that of the 
control side (see Fig 2) 

At the begmmng of an experiment 
a tracing of the two sides of the dia- j 
phragm taken ivith a faster movement 
of the drum shows a completely S 3 m- 
chronous movement of the two sides 
As pressure is put on the nerve and 
conduction begins to fail, the excursion 
on the experimental side begms to grow 
less, and at the same time there is a 
progressive delay in the downstroke of 
the lever, mdicating delay m the com- 
mencement of inspiratory contraction 

As pressure IS contmued, delay becomes Fig 2 Kigl.tDomc 

^ , , Loft Dome Conduction in Left Pnre 


\ ^ 
L-Dome- 


more and more marked until at length tlocM by comprcBsion 
the two levers may move inversely 

When this occurs paralysis of the ex- jjjark moment when tlic 
perimental side is complete (Fig 2) ^(‘cnTof't^o two domes AVhiie dotted 
The onset of delay vanes in different i,no mdicntes Bunultnncous c\cn s 

ammals (•i.e 

As partial block was the condition aimed at in some exponm 

pressure was not always mamtamed until paralysis ensue ome 
will, therefore, be given showmg the amount of pressure an 
reqmred to cut down the excursion of the one side to one- in j 

These ammals were medium sized cats (3-4 knlo), the larg 
mentioned above being excluded 
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Table L Pressuie applied to ptemc by band and Breightg 


Taibal nerve block 




Viidtb 
rf band 

Wozbts 

apphed 

Time to cat down 
cont. to 4 

(mm.) 

(gnn.) 

(mmutes) 

5 

260 

4 

5 

320 

S 

4 

460 

3 

4 

513 

4 5 

4 

390 

4 

4 

280 

6 

4 

440 

7 

4 

360 

3 


Average 3S0 grm. for 3 nuns. 


Total nerve block 


Width 

Weipbls 

Time to cavLse 

ol band 

applied 

paralvm 

(mm.) 

Igrm.) 

(mmntea) 

5 

340 

10 

5 

320 

IS 

4 

460 

5 

4 

430 

10 


Average 3S7 grm. for lOJ nuns. 


On an avexage a weglit of 3 ii£t under 400 grm reduced the excursion 
to one-half in 5 minutes and abolished conduction m 10 minutes 

These figures may he compared mth the foUovnng obtamed by the 
air-pressure method In a medium sized cat a pressure of 1100 mm Hg 
apphed to 6 mm. of nerve reduced the excursion to one-half m 24 mmutes, 
and the muscle was paralysed m 13 mmutes In another medium sized 
animal a pressure of 800 mm Hg apphed to 3 mm. of nerve reduced 
the excursion to one-half m 7 mmutes, and to one-third m 8 mmntes 
The time factor is so important m these experiments that after these 
figures had been obtamed, an attempt was made to produce the same 
effects by usmg a small pressure over a prolonged penod As an average 
weight of. 400 grm. had abohshed conduction m 10 nunntes, a weight of 
80 grm. was chosen and apphed to the nerve m a medium sized young 
cat, by a 4 mm band. Forty-seven mmutes after the pressure had been 
apphed the excursion was cut down to one-half and at the end of 1 hour 
and 20 mmutes the excursiou was very small, and the delay so great 
that the levers moved almost mversely At the rate of progression 
conduction would probably have been abohshed m one hour and a half 
This is the smallest pressure with which a complete experiment 
(i e conduction block, recovery, section of nerve to show complete 
paralysis) has been obtamed. That smaller pressures would he effective 
IS mdicated bv the following observations 

An air-pressure of 100 mm Hg apphed for 50 mmutes m a medium 
sized cat produced a dimmution of excursion of 12 p c A pressure of 
40 gnu. apphed bv a 4 mm. band to the phremc of a large cat (94 Ihs ) 
showed no change at the end of 1 hour, a shght dimmutiou in 1 hour 
20 mmutes, and a dimmution of 25 p c at the end of 2 hours, when the 
experiment was stopped A pressure of 60 grm. apphed for 2 hours 



360 


G BRISCOE 


produced a block of 30 p c The pressure being then doubled, a block of 
70 p c was produced at the end of the third hour A further 60 gmi 
being added the block was complete at the end of another half-hour 
It was not always possible to use the pressure box on the phrenic, 
as the lower trunk given off from the brachial plexus is often extremely 
short, and it is difhcult to place the box m position without stretch 
ing the nerve The result of stretching the nerve is soon seen m the 
diminution of excursion of the lever before pressure is apphed When 
the air-pressure apparatus caused stretching the band and weights were 
substituted This apparatus, however, is qmte convement when used on 
an isolated nerve muscle preparation Experiments on gastrocnemius and 
tibiahs anticus sciatic preparations taken from medium sized frogs gave 
the following results 

Table IL Frog 


Pressure 

Length of nerve 
compressed 

Time to abolish 
condnotivity 

(mm Hg) 

(mm ) 

(nunutes) 

900-1000 

3 

4 

1100 

3 

41 

1100 

C 

0 

1100 

3 

8 

930 

3 

8 

1000 

C 

9 

1000 

3 

9 


Areroge 0 6 nuiia. 


In three experiments where the pressure used was between 500 and 
600 mm the average time to abolish conductivity was 7 8 nunutes In 
a group of mne experiments where pressures between 900 and 1100 mm 
were used, the average time taken to reduce the contraction to one half 
was 5 nunutes 

There was considerable vanation m the figures obtained from frog 
gastrocnemius-sciatic preparations, when the band and weights were 
used Part of the vanation was due to the fact that the weights were not 
apphed at a uniform rate In one group of experiments a weight o 
463 grm was attached to a 6 mm band The average time taken to 
abolish conduction was 1 9 nunutes 

(b) The loss of contraction and tone in the muscle W^hen one phremc 
is cut m the neck the lever attached to the ipsilateral dome at once ceases 
to faU and nse (although a small mierse movement may be apparent, 
as mentioned above) At the same time the level of the lever is 
abo\e the former expiratory level The muscle has lost its tone, an 
has nsen higher in the chest This can be confirmed by inspecting t e 
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abdominal surfaces of tbe domes, and it 'mil then be seen that tbe 
paralysed side is iugber in tbe thorax than the healthy side 

As conduction becomes blocked loss of contraction and loss of tone 
result progressively (Fig 3) ^ 



Fig 3 Cat Upper tracmg. Right Dome Lower tracing. Left Dome Inspiration, down 
strote Time m seca. Left Phremo compressed by band (5 mm ) and weights Total 
of 320 grama apphed m 40 gram weights. Tracmg is contmuous Occasionally drum 
advanced by hand to show time xelationa 

Contraction is cut doim smoothly and gradually until there is a very 
small movement of the lever The more slo'wly the compression is earned 
out, the more smooth and gradual is the dmunution m excursion There 
is no sign of a step-hke diminution of contraction, or of sudden failure 
Loss of tone is less apparent, because gradual, when the blocking is 
earned out slowly Tbe most rapid and marked loss takes place when the 
nerve is compressed quickly by forceps Dmunution of contraction can 
be demonstrated before loss of tone In the experunent in which a small 
pressure was apphed for a long period {see Fig I) it is quite clear that 
a dimmution m excursion has taken place before any loss of tone After 
16 mmntes’ pressure some loss of excursion is obvious, at tbe end of 
another 6 mmutes the loss of tone is apparent 

After this both contraction and tone dimmish side by side If con- 
duction bas not been completely abobshed, enttmg the phremc on the 
experimental side wUl produce a shght further loss of tone and move- 
ment, but if it has been abobsbed cutting tbe phremc makes no difference 
to the tracmg 

Eecovery takes place m the same smooth and gradual manner 
(see Fig 6) After a variable interval conduction is re-estabbshed and 
tbe muscle begins to contract agam The fact that an improvement m 
contraction may be seen withm a few seconds of releasing the pressure 
indicates that the mechamcal constriction is the direct paralysing a^ent 
The first partial recovery of muscular contraction is always detected 
before any recovery m tone is apparent With an mcreased excursion 
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of the lever, the inverse movement gradually changes There is a short 
period durmg which the levers move asynchronously, after which they 
nse and fall together 





D 


H 


Fig 4 Cat. Chloralose Upper tracing. Chest Insp up Lower tracings, Domes. Insp 
down. The single figures indicate aimnltaneous events and mark deep inspirations 
Between the arrows on ,4 a weight of 80 grams was applied to the Left P reni 
a 4 mm band Arrow on I marks cutting of Left Phrenic. 

A, 1163 am Pressure apphed to nerve 12 8pm Diminution of co^ractio 
Slight nse of tone C, 12 24p m. Distinct loss of tone D 12 30 p m Fii er 
of contraction and tone 12 38 pm Contraction halved , ‘ 

F, 1 6 p m Small movement Further loss of tone and marked delay , ^ 

The nearly paralysed Left Dome is moved passively upwards by the chest, w ra 
inspiration occurs (0), instead of completmg its delayed inspmitoiT 

raent 1 11 p m. Prassura raheved. 1 26 p m Partial recoveiy of contraction 

Sbght delay No recovery of tone /, 2 21 p m Left Phrenic cu 
traction and tone Inverse passive movement, accentuated when deep p 


Pressure contmued after the block has been estabhshed delays the 
rate of recovery After recovery a block can be reproduced wit i a sma 

nrp^surG ( 

In the slow compression expenment quoted above the 
the experimental side began to improve very shortly after the pres 
was released (see Fig 4) At the end of 4 minutes the , 

lever was doubled, and the two sides were moving nearly synchro I - 
with only a very sbght delay on the affected side No recovery o 
was observable at the end of 20 minutes A nse was apparen 
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threwjMrteis rf an honi At tie and of an hour the 

^is moting as well as before compression, rdativck to the control side 



Fig. 5 Cat. Decerebrate Cnrre Ehcnnng recorerv of condncbon- Time m secs. Top 
traang, Poclit Dome Middle Left Dome Lowest, Stenrom. Inspiratioii downvrards 
m eacb. 

A, 11 10 a.m- Shows eicoison of the three leweis before dissectiDD of Left 
Phrenic. Some alterations of levels between A and B B At 12.7 pjn. condncbon 
m Left Phremc had been blocked by pressure for 40 seconds with mbber^mvered 
forceps Loss of contracbon and tone folio-wed. At 12.17 pjn. no rmprovemenb 
Pause for three mmntes at spot marked — At 122!0 p.m. gradnal progressive un 
provement of contracbon seen, -very slight recoverv of tone At 12 40 p m. eicnrsion 
of the two sides -was nearlv equak 

Tracing shon great increase of Chest movement when Left Dome is paralvsed, 
and gradnal dimmntaon as condncbon m Left Phrenic recovers OscHlabons m 
Diaphragm are seen fairly freqnentiv and are not confined to the eipenmeutal side 

Eespiiation tvas slightly more shallotv Seventy mmntes after the pressure 
■was released, the exposed phremc was cut At this moment the expen- 
mental side was contractmg as well as the control, but it was higher m 
the chest Cutting the phremc produced a further loss of tone, and a very 
small movement of the lever which was mverse to the sound ade, ? e 
pasave movement Conduction for motor impulses mvanably recovers 
before those which control tone 

One pomt appeared unexpectedly Before dimmution of tone 
begms there is a shght prehminary nse of tone, which lasts for a vanable 
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penod dependent on the rate of compression It is followed at once by 
a loss of tone This nse of tone followed by a diminution can be seen m 
the tracmgs (Figs 3 and 4) 

(c) Conduction of stronger impulses thtougTi partial blocl The object 
of this part of the mvestigation was 


to see if a block, which hmdered 
the normal respiratory impulses of 
an anaesthetised animal was impene- 
trable to the impulses sent down 
m hyperpnoea Vanous methods of 
producmg an increased depth of 
respiration were tried, CO 2 inhala- 
tion, afferent stimulation of sensory 
nerves, ammoma to the nostnls, 
freezmg of vagi These agents were 
tned durmg complete block, meom- 
plete block and recovery from block 
Partial block was attamed by raismg 
pressure until the excursion was cut 
down to one-half, and then releasmg 
some of the pressure, so that the 
contraction remamed fairly constant 
Hyperpnoea was successfully pro- 
duced by the inhalation of COj or by 
Farachc stimulation to the femoral 
nerve 

Fig 6 shows the result of stimu- 
latmg the afferent end of the cut 



femoral nerve for a few seconds, the ^ ^ K.ghtDome. 

left phremc bemg m a state of partial jnsp dotm. C, Left Dome Insp down 

conduction block “ 

The mterpretation I would put duction block m Left phremc 

- J r *. Farodic stimulation produced m 

forward of this result repeatedly of respiration, large m 

obtamed is as foUoWS When there spiratoo increase in chest ^ 

J J -L X 1-t- increased mspiratoiT tone ono^ 

IS an mcreased discharge from the f,y increased excursion m Right Dome 
respiratory centre the chief adjust- ^,f;J^^ols?d°XsTaetiof 
ment occurs m the chest The soimd 

side of the diaphragm responds by descending further with each m 
spiration, and mcreasmg its contraction What happens to the expen 
mental side? If the nervous impulses of hyperpnoea can get throug n 
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partial block, tben tbe affected side should behave like the contaol side 
and descend If the impulses already partially meffective at the “ block ” 
remam so still, the enfeebled muscle, unable to -withstand the increased 
up-ward aspiration from the chest, takes up a more expiratory position and 
shovre smaller excursions , m short, itbehaves more hke aparalysed muscle 
This explanation is supported by an experiment in -which the a-nimal 
took occasional deep inspirations of its own accord (see Fig 4) In the 
first part of the tracmg these deep inspirations appear m the diaphragm 
records as do-wnward movements, in -the chest as an up-ward movement 
Later on these deep inspirations appear to affect the chest only, the 
domes being unaffected When a partial degree of block has been estab- 
lished on the exipenmental side (as shown by the dimmution of move- 
ment and tone, and delay m action) a deep inspiration shows a big 
movement of the chest, no change m the healthy dome, but an upward 
movement on the affected side (section G, Fig 4) The moment has 
arrived when the mcreased action of the chest is able to mask the 
feebly actmg muscle, and pull it upwards with mspirataon The reverse 
IS seen during recovery Ten mmutes after the pressure was released the 
exc-ncsion had attamed halt its ongmal amount, and deep mspirations 
no longer appeared as upward movements on the blocked side^ The 
contraction was sufficiently strong to overcome the upward pull of the 
chest With further recovery deep inspirations appeared as do-wnward 
movements on the experimental side, the excursion and beha-viour of the 
two domes bemg identical Conduction for motor impulses havmg been 
fully restored, the phremc was cut The signs of a paralysed muscle are 
seen immediately, loss of tone, almost complete loss of movement, the 
small passive movement being mverse to that of the sound side A deep 
inspiration now showed as a do-wnward movement on the sound side, 
but as a large upward passive movement on the paralysed All the stages 
from partial block to complete paralysis are illustrated m this figure by 
the beha-viour of the muscle durmg deep mspirations 

The conclusion is dra-wn that the impulses of hyperpnoea are no more 
successful m penetrating a region of partial or complete conduction block 
than are the impulses of ordinary respiration 

(d) Histology Many of the nerves compressed were exammed 
histologically The nerve, stall subjected to pressure, was cut out of the 
body, and the pressure was not released until the nerve was fixed 
Stammg by Marchi and Weigert Pal showed very httle change There 
was a general diffuseness of staimng m the compressed area, but nothing 
conclusive ° 
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Discussion The amount of pressure which can be exerted on a nerve 
by glands or new growth or fibrous tissue is obviously unknown Air 
pressure of 1000 nun Hg will abohsh conductivity m a phrenic or frog’s 
sciatic m a few minutes (4/13) So, similarly, does a weight of 400 grm 
apphed to the nerve by a 4 mm band A weight one-fifth of this reqmres 
about one hour and a half Pressure of 100 rnm of Hg apphed for 
50 nunutes reduced excursion by 12 p c Smce fibrous tissue or new 
growth may exert pressure over periods of weeks or months, it may well 
be that such pathological conditions may block conduction with pres 
suxes considerably smaller than those above quoted 

The figures obtamed by former workers on sciatic preparations have 
waned considerably Ducceschi(8) obtamed loss of conduction in 
1 minute by usmg a thread 3 mm wide and attachmg 20 grm This 
would be eqmvalent to a weight of 340 grm attached to a 6 mm. band 
This figure is very close to the weights used m my frog expenments 
Meak and Leaper, usmg pressure transmitted by od, give high 
figures, 2000 mm of Hg for 7 6 mmutes, if the assumption that their 
pressure of 40 lbs is referable to the square moh be correct The dis 
crepancy is probably explamed by the fact that I used either just 
maximal, or just sub-maximal stunuh, and also that I endeavoured to 
avoid the possibfiity of spread of current around the area of block 
Meak and Leaper make no mention of the position of their electrodes 
and they used fully maximal currents One of Ducceschi’s results is 
probably explamed by this question of spread of current He noted that 
when he compressed the nerve hghtly, and stimulated (a) near the block, 
(b) near the central end, then conduction ceased earher from the more 


distant point of excitation 

The argument for the all-or-none theory of nervous impulses is 
largely baaed on the failure of impulses set up by stronger stimuh to pass 
through a region of block which is impenetrable to impulses set up ) 
a just maximal stimulus, i e a stimulus which just excites all the nene 
fibres These expenments on the diaphragm are compatible with t is 
theory as the impulses of normal breathmg and of hyperpnoea are ex 
tmguished at approximately the same tune There are, however, ce am 
fiiffioulties m the apphcation of the aU-or-none theory to these experi 
ments, which will be dealt with m a later commumcation 
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SlTlDIARY 

1 The amount of pressure required to block conduction of respiratorr 
impulses m the phiemc nerve vanes mversely vath the duration of 
apphcation. A vreight of 400 grm apphed to 4 mm of nerve vnll block 
m 10 mmutes, a ueight of 80 grm apphed to the same length, in one 
and a half hours 

2 Conduction of motor impulses is unpaired before conduction of the 
impulses which control tone 

3 The muscle is paralysed from a functional pomt of view before 
complete loss of tone occurs 

4 Eecoveiy of conduction for motor impulses occurs first, and ^ 
much more complete (under the time limits of experiment) than recovery 
of tone impulses 

5 The impulses conducted by the pbremc m hyperpncea are no more 
successful m passmg a region of pressure block m that nerve than are 
the impulses sent out m qmet respiration This failure is compatible 
with the theory of all-ot-none conduction m nerve fibre 

The experimental work has been earned out m the Physiological 
Laboratory of the London School of Jledicme for Tfomen, by permission 
of Prof ‘Wimfred Culhs, to whom I am greatly indebted for her nufailing 
kmdness and hospitahty 

My thanks are also due to Mr TPiUiam Lofts, who has given me much 
assistance m the experiments 
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the influence of length on the responses 
OF unstriated muscle to electrical and 

CHEMICAL STIMULATION, AND STRETCHING 
By P R WINTON 

{From the Department of Pharmacology, University College, London ) 

Intioduction The tonic and rhythmic activities of smooth muscle 
have distracted attention from the simple responses to stimulafion 
approximatmg more closely to those of striated muscle In the present 
enquiry some of the factors infl uencing the contraction of unstriated 
muscle under the simplest obtainable conditions are considered, with a 
view (a) to brmgmg under control the conditions which make for more 
accurate quantitative data, and (6) to definmg the limits of a possible 
analogy between the contractile mechanisms of striated and unstriated 
muscles 

Two difficulties have to be overcome first, the anatomical fact 
that most smooth muscles are formed of a large population of small 
cells arranged in an irregular network, and that contraction may be 
associated with a shdmg movement between the cells (Grutzner(i)), 
second, physiological variations of tonus and liabihty to spontaneous 
contraction The correlation between the properties of a muscle and those 
of its constituent fibres is mdetermmate unless the fibres are parallel 
and longitudmaUy arranged This anatomical arrangement obtains m 
the dog’s retractor penis, which formed the material of most of the ex- 
periments described below If such a muscle be stimulated under 
isometric conditions, shdmg movements between the cells are extremel} 
unlikely Fortunately for the present purposes, this muscle in isolation 
IS relatively free of tonus (2), and m a considerable proportion of pre 
parations shows httle or no tendency to perform spontaneous moxe 
ments It is likely, therefore, that the mechanical properties of such a 
muscle wiU be relatively simple functions of the chemical and energetic 
changes associated with its activity 

Method Adequate electrical stimulation of smooth muscle presents 
certam difficulties, chief among which are, first, the relativel} strong 
currents required together with the injury which follows undul} intense 
stimulation, and second, the factors prex’-entmg uniform excitation and 



UNSTBIATED MUSCLE 

1 ^ oplk The second cncum- 
Eimultaueous tesponse oi a tege isotonic contrnction 

stance IS of nnport.nce m “ tfotc nnotte pnt 

for, if a contraction begiOB a ““ P lengtien, nlule tlie IcTcr gi«s 

rx^n^rref: Lc 

slow (1-1 mm pet sec ) than it is if » n 

deZilwa’siecoTd(o) of simultaneous (nil ^ 

response of two halves of a muscle to 
stimulation of one-haK he accepted 
This consideration is reinforced by I 

analofty with otner smooth muscle, 
and hy Brucke’s(3) observation 
showmg the difficulty of ohtammg X y 
nophasic action currents m this | | 

muscle (cf Adrian(0)) Such un- ! 1 

perfect contmnity of a muscle with \ 
respect to an excitation wave would 1 
agam emphasise the importance of 1 
stimnlatmg all the cells at the same j , 
moment 1 

Electrical stimulation m a moist | | 

chamber yields excellent responses, ^ 

but tends to mdnee irreversible ; | 

change m a retractor, which disturbs ^ 

the long succession of constant re- 

spouses to sunilar stmmh necessary i» 

for quantitative experiments Con- 

seqnently a stimulation chamber was / \ 1 1 

employed, which consisted of a tube, j ] ^ J 

about three times the cross-section \ j 1 j 

of, and about the same length as a i|i 

relaxed muscle, openmg at each end | V 

mto a larger tube The lower end | *■ ■ 

rvas sealed save for opemngsallowmg ^ Smnnlahon cWVr 

ingress of fresh and egress of used to electrodes 

solution, a hooked capillary tube for 

attachment of one end of the muscle and flow of oxvgen through its fine 
orifice, and sflver rihhon formed inside mto a spiral The open upper end 
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contained a similar silver spiral The thread from the upper end of the 
muscle passed along the axis of the upper electrode to the lever Thus the 
current density rras increased along the constrieted region where the 
muscle was situated, and as both tube and muscle were of umform cross- 
section, the potential gradient along the muscle was also fairly uniform 
Moreover, the muscle never came into contact with the electrodes and 
was not therefore exposed to the electrolytic disturbances apt to occur 
m their vicmity The electrodes were heavily coated with silver chloride 
when direct currents were used, and sometimes also when foradic 
stimulation was employed In the latter case some rectification of 
current occurred when the electrodes were bright, owmg, as A V 
HiJJ(7) pomted out, to their unequal size and dirtmess, the direct current 
produced appeared to be too small to affect the result The apparatus 
was immersed m a large water-bath mamtamed at a coustant tempera- 
ture 



Fig 2 Isometno responses of a retractor penis (dog) in Bum and Dale’s aolation at pH ^ 0, 
35° C Faradio stimnlus, 6 sec duration, applied once a minute Scale of tension m 
grm vt. on right. J-Il, about 30 sec oxygenation between stimnb, Il-Ul, no 
oxygenation, 111-17, oxygenation, as in 1-11, IV. 1 hoars rest, with continuous 
oxygenation, IV-V, same ns l-II, V-Vl, sodium bicarbonate solution oddcU 
oxygenation contmned, VI, return to normal solution, ns in I— II 

A contmuous stream of fine oxygen bubbles passed up the tube It 
was mterrupted just before stimulation until about 75 p c relaxation 
The period of such mtemiption was not a critical factor mfluenemg 
responses to stimuli applied every 6 mmutes, ns was the custom m thc°c 
experiments If, however, stimuli were repeated frequently it became 




UNSTBIATED MUSCLE 3(1 

aa importaat factor Fig 2 shows isometric responses to faradic stimuli 
applied every minute They are somewhat irregular owmg to slight 
variation of duration of oxygenation The effect of complete absence 
of oxygenation with its concomitant massage of the muscle is shown at 
II, which IS soon followed by a steep fatigue curve The strihmgly in- 
complete recovery when oxygenation is re-started is also shown 

Phosphate-buffered solutions were not found to allow undmunisbed 
responses over long periods A carbonate buffered solution, of the com- 
position described by Burn and Dale(8), was therefore used, and an 
attempt made to reduce the effective changes of hydrogen-ion con- 
centration by replacing the solution immediately before each stunulatiou 



Fig 3 


Tension dereloped by retractor penis as a fonction ol fre<iuencv of mtermption 
of a faradic stannlas of 5 sec duration. Points on the curm are the means of values 
obtamed at mcreasing and decreasing frequencies respectively 

The reputation of smooth muscle for capricious response suggested 
an evamnation of the relation between tension developed and the 
strength, frequency, or duration of the stunnlus, whether galvamc or 
aradic no discontmmty was found The influence of frequency of faradic 

stunulatiou 13 shown mPig 3 the curve allays the snspLn that certain 

25—2 
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frequencies might produce inhibition, and records a response increasing 
with frequency of mterrnption up to 76 per sec m a tissue with slow 
general tune relations Fig 4, showmg the influence of temperature, 
mdicates continuity and the region of optimum response Increasing 
temperature mduces, withm limits, mcreased responses, as is the case 
with tetanic contraction of striated muscle Associated variation of 
mitial tension, however, may here contribute to modification of the 
responses 



Pig 4. The mflnence of -miniimg (i) on the initial tension (dark points), f 

tension developed on faradio stimnlation (circles) (Eetractor penis, stimulated 

3 see every 6 minutes.) 

Tension levers of various strengths were used One with a long light 
bamboo pomter, givmg about 1 cm excursion for 10 grm w 
found convenient It allowed shortenmg of the order of 1 ““ 
contraction Observations were made on the ° 

when a muscle was stimulated at a particular 

mg at various uniform velocities They mdicated that J ^^tr.c 
tensions would exceed those recorded by such a lever by ^ 

The mfluence of mitial lenffih of muscle on its response is 
later The mdependent influence, however, of initial tenstou 
importance in sloth muscle It is difficult to isolate change of in.tm 
tension from concomitant changes of environment, u 
length mcrease of mitial tension appears to reduce P 

stSation m experiments mvolvmg the slow fall of tension after 
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sudden stretcli, or tlie rise of tension due to chemical or electrical 
stunulation 

Spontaneous contractions, slow variations m tone, and simple re- 
sponses to stimulation, retam about the same quantitative relations, 
whether manifested as changes of isometnc tension or of isotonic length 



g g ve a rough mdication of the relation of longitudmal stress 
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to strain at varying lengths of the unstimuJated muscle A crude tech- 
nique only -was employed, which mvolved rapid lengthening of the 
muscle by turnmg a handle manually The tension produced varied with 
the speed of stretchmg, which was kept fairly constant, by adopting a 
rhythmical procedure regulated by metronome 

The curves derive from experiments on different muscles, and are 
not reduced to a standard length They show a general resemblance, 
withm the region shorter than the length of maximal response to stunu 
lation, between the effects on the tension (i) of stretchmg, and (ii) of 
stimulation They demonstrate, further, the mcrease of longitudmal 
elasticity with length This is agam shown, on a slower tune scale, m 
the lower tension-length curve shown m Fig 8, where the slope mcreases 
with length The muscles were m each case stretched durmg a period of 
J second, mamtamed at the greater length for 10 secs , and returned 
to the origmal length Successive reactions to the same stretch showed 
no sigiuficant variation, if the initial length, and the rate of stretchmg 
were kept constant 

The retractor penis is less readily excited by mechamcal disturbance 
than most plam muscles it will, for example, m the cucumstanceb 
obtammg m these experiments, show no contraction superimposed on 
a sudden stretch or after pmchmg with forceps 

The influence of length on the response to stimulation A defect of the 
apparatus described above is that an electrical stimulus necessarily 
varies with the length to which the muscle is stretched, owmg (1) to a 
reduction of the proportion occupied by the muscle of the cross section 
of the tube, (2) to increase of ^e length of the potential fall, (3) to 
reduction of muscle substance directly stimulated, and introduction of 
phenomena due to slow conduction of excitation, if some of the muscle 
madvertently emerges from the narrow to the wider portion Analogous 
errors affect stimulation m a moist chamber, or by the application of 
drugs It was not found possible to circumvent all these defects An 
attempt was made to prevent them from vitiatmg the results by using 
a variety of tubes, and by comparing responses to electrical and chemical 
stimulation The results as a whole suggest that the mevitable errors are 
not large enough to mask the essential correlations 

The muscle was attached at its lower end to the stimulation chamber 
as described above, and the whole of this chamber was fixed by clamps 
to a stage, the vertical movement of which was controlled b}'’ a pullc\ 
connected through gearing to an electric motor The velocity of the 
vertical movement could be adjusted and measured The upper cod o 
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the TnTiscle was attached to a stationary tension lever recording on 
smoked paper In earher experiments, variation of length of the muscle 
was achieved hv movmg the lever 0 5 cm at a time, as in the work on 
striated muscle, but such sudden stretchmg or shortenmg produced 
large changes m tension These were transient, but disturbed the state 
of equilibrium, mterrupted only by stimulation, m which consistent 
experimental results were best obtamed The rate of change of length 



Len^h of muscle cms 
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varied from about 6 to 8 cm per hour m different experiments, and the 
reduction or mcrease of tension developed on stimulation, due to the 
contmuous change of length, was a measurable experimental error, 
usually of the order of 1 p c 

Eight retractors were exammed, each at a series of different lengths 
Galvamc and faradic stimuli of all durations gave similar results Fig 6 
shows a typical example of responses to a submaximal faradic stimulus, 
apphed at mtervals, while first stretchmg a muscle to beyond its optimum 
length, and then releasmg The irreversible mcrease of functional length 
of the muscle due to over-stretchmg is evident Fig 7 shows responses 
both to electrical and to chemical stimulation, during (1) the release 
foUowmg an initial stretch, and (2) a second stretch The maxunum 
tension for stimulation with adrenalm is at a greater length than that 
for electrical stimulation and the curves for the former are steeper than 
those for the latter, differences to which httle significance should be 
attached m view of the errors mvolved m the method It will be noticed 
that the tension developed is not a Imear function of the length, though 
the total tension exerted by the stimulated muscle approaches more 
closely to this simple relation, as shown m Pig 8 

The property of unstnated muscle described in this section has an 
mterestmg appbcation to the behaviour of the parturient uterus, for it 
has seemed a curious fact that the muscle of the fundus and cervical 
canal should be m mechanical equilibrium both before and after expulsion 
of the foetus, and that m certain mammals such as rats, the thm distended 
portions of the uterus should be capable of expellmg theu contents 
against the resistance of adjacent stouter portions of the muscle The 
profoimd influence of extension upon the tension which a muscle exerts 
m response to a sudden stimulus may agam be seen m the responses 
of the gumea-pig's uterus to pitmtary extracts, shown m Fig 9 In order 
more vividly to illustrate the sufficiency of this mechanism, a horn of 
a gumea-pig’s uterus was attached by its apex to a lower rigid support, 
while threads were connected to its centre and to its vagmal end, and 
attached each to a bght isotonic lever The load on the central lever was 
now mcreased, so that the ovarian half only of the uterus was stretched 
for about an hour The load was then agam reduced to its original value, 
and about half an hour allowed for equilibrium to be estabbshed The 
lever connected to the vagmal end was then fixed rigidly, so that the 
length of the entire uterus was kept constant, but any movement of the 
central segment could be observed Pituitary extract now mduce 
considerable movement of the central segment, in the sense of shortening 
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of the prevaoiisly stretched half This effect ^vas leveisrble, and elicited 
by successive doses of the extract 



Fig 7 Tension developed by retractor perns when stimulated at different lengths. Curves 
1 and 14 shortening at i cm. per hour, after a previous stretch {circles) curves 2 
and 2 A subsequent stretching at 4 cm. per hour (black points) Contmuous lines 1 
and 2 show responses to taradio stimulation, broken Imes 14 and 24 those to 1 m 
10‘ adrenalin 

It may he recalled that mcreasmg extension itself tends to produce 
more frequent auto-excitation (BruckeP)), and mcreased response to 
stunulation with stretchmg might therefore he dne to some form of 
summation of stunnh Chemical or other stunulation preceding a 
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superimposed electrical stimulus at a given length tends, however, to 
reduce the response to the latter, and the influence of excitation due 
to Btretchmg should thus be m the sense of reduction of responses to 
stimuli apphed at mcreasmg lengths 

The range of length iinthin which muscle responds Smooth muscle 
develops effective tension on stimulation throughout a great range of 
length Indeed, while skeletal muscles are often described as functionally 
almost isometric, unstriated organs approach more closely to isotonic 



Length of muBcIe ems 

Fjg 8 Tensions at vnnous lengths of a stimu/ated (upper carve) and 
curre) retractor pems, stretched at 4 cm per hour Faradic stin 
applied every 6 minutes at 3G° C This is the first muBcle of a c 


nnstimulated (loircr 

mil. 5 sec duraticn 
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condihons It seemed mterestmg, therefore, to defiae tins characteristic 
quantitatively 

A mnscle stretched beyond its length of maximal response undergoes 
irreversible changes, as shoivn m Fig 6 It is therefore more expedient 
expenmentallv, and probably of greater physiological significance, to 
confine measurements to lengths shorter than this value, and to adopt 
this length as the standard natnral length If a muscle be stimulated 
at different lengths, and the tension of stimulated and unstimulated 
muscle respectively he plotted against the length, as m Figs 8 and 9, 
the ratio If (vhere Tr„ is the area between the curves up to the 

length of maximal response, is the maximal tension developed at 
the optimal length ?„) is dimensionally a number, and may convemently 
be taken to represent the relative range of effective response Fig 8 
shows the variation of tension with length of a retractor penis (i) un- 
stimnlated, and (u) electrically stunnlated Fig 9 gives simflar particulars 
for a gumea-pig s uterus stimulated with pitmtary extract 



The table ^ves values for a number of muscles treated m much the 
. me way aU but the uterus consistmg of paraUel fibres and bem^ 

O 
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electrically stimulated The rectus abdominis of the frog was chosen os 
representative of striated muscle because it resembles smooth muscle 
m some of its properties, and notably m its considerable capacity of 
changmg its length without great change of tension m an mtact anunol 
This muscle, therefore, seemed likely to reveal contmnity between the 
two classes of tissues if such existed Values for its range of effective 
response are given m Table I, which, though somewhat lower, do indeed 
approach those given for smooth muscle The classes of tissue defined 
by cross-striation and by short range of functional length, respectively, 
are therefore probably not co-termmous Considerable reduction of this 
range of activity takes place m the course of a long experiment, it ex 
ceeds the associated dimmution of tension development 


Table L 


Masole 

Retractor jiema (dog) 

(1) Stretched 4 cm /hr 

Retractor penis (dog) 

(1) Stretched 5 4 cm /hr 

(2) Released 6 4 cm /hr 

Retractor penis (dog) 

(1) Released 8 4 oin./hr 

(2) Stretched 8 4 cm./hr 

Rectus abdominis (frog) 

(1) Stretched 10 0 om./hr 

(2) Released 10 0 cm /hr 

Uterus (guinea pig) 

(1) Stretched 


Area 

Tension 

Length 


T- 


grm oiHa 

gnn wt. 

cm 

68 3 

310 

66 

40 3 

17 0 

62 

36 9 

16 0 

76 

66 2 

16 8 

97 

402 

13 0 

83 

10 0 

9 16 

37 

116 

14 3 

39 

66 

29 

42 


0 33 

0-44 
0 20 

042 
0 37 

0 30 
0 21 

0 45 


7„ IS that length at wbich maximal aeveiopment oi — - , , 

developed tension, is the area of the tension length curve up to length 

The relation between the area {WJ mentioned above, and the 
theoretical maximal work deserves brief attention Ex^imen o 
theoretical maximal work m striated muscles differ &om o 
described, in that stimulation in the former is usua y ca p. 

the same initial length In the tetanic contractions emp oye i 
the muscle shortens and develops its maximal tension at t e 
The relation between length and response may be afiected, ns m ^ 

expenments, either by the contractile or excitatory inec 
the actual change of effective stimulus associated with change o 
resistance of the shortened muscle The use of le^eas 

m striated muscle obviates errors due to the latter considera i , 
the inevitable use of submaximal stimuli with easdy ama j 

muscle emphasises its importance The mstantaneous s im 



VJ^STRIATED MVSOLE . 381 

by MeyerkofdO), oa tbe other hand, ensure constancy of excitation, 
but tensions developed at difiereut lengths then represent drSerent, and 
aot necessarily maximal, points along the isometric tension-time curve 
Losses of energy due to mtemal faction thus reduce the tension measured 
This conceptioa of the theoretical maximal ivork n-hich a muscle can 
perform in response to a particular stimulus does not, houever, imply 
supra-maxunal stimulation, and experiments are m progress intended to 
determme the quantity for smooth mnscle m this way In the meantime 
it may he mentioned that the areas measured above for the retractor 
penis, if taken as of the same order as the heat prodnction of the muscles, 
would correspond to a rise of temperature of the order of 0 003° C Such 
an area, however, represented about six times the actual mechanical 
external work done m shorteumg at a favourable uniform velocity m a 
particular muscle which developed the same isometric tension 

Summary 

1 A long succession of constant responses under approximately 
isometnc conditions can be obtamed vntb the retractor penis m the 
stimulation chamber described 

2 The influence of a number of factors on the tension developed was 
examined, and the best conditions for unif orm responses determmed 

3 The longitudmal extensibility of nnstimnlated smooth muscle 
decreases with length 

4 The isometric tension developed in response to electrical or 
chemical stimulation increases with length up to a maximal value, and 
then decreases The total tension of a stimnlated retractor approaches 
a linear function of the length more closely than does the tension 
developed 

6 The mechanism of expulsion of a foetus by the uterus is discussed 

6 The range of length withm which muscles respond effectively to 
stimulation is considered, and found to he of the same order m certam 
striated and unstnated muscles 

7 The theoretical maxunal work of smooth muscle is considered m 
relation to measurements of tension development at different lengths 

I am mdehted to Professors A J Clark and A V Hill for advice 

and to Prof E H Starling, Dr Anrep, and others, for then courtesy 

m allowing me to excise the muscle from animals used by them 
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THE ACTION OF PITUITARY EXTRACT UPON THE 
PREGNANT UTERUS OF THE RABBIT 
By H H KNAUS 

(^’rom the Institute of Animal Nutrition, Cambridge ) 

Dixon aad Maeshai,l(1) have recently shown the existence of a 
relation between the cychc activity of the ovary and the pituitary gland 
They state that the pituitary gland secretes into the cerebro-spmal fluid, 
and that the amount of secretion depends largely upon whether corpora 
lutea are absent or present, that is to say, the secretion of the ovary m 
the absence of fully formed corpora lutea has a specific stimulatmg effect 
in promotmg pituitary secretion Finally, they came to the conclusion 
that, as the corpus luteum is supposed to undergo retrogression shortly 
before the close of pregnancy, the revival of the ovarian secretion causes 
a sudden mcrease of pituitary secretion, which, by its action on the more 
irritable uterme muscle, bnngs about labour Thus, it is the increase 
of the pituitary secretion that is looked upon as an important factor 
m starting parturition 

Approximately at the same time Clark and Knaus(2) studied the 
conduction of contractions m the uterine muscle, and found that distmct 
changes in the mechanism of this muscle take place m the different stages 
of the oestrous cycle The experiments were earned out on the isolated 
rat’s uterus, and the traemgs were obtamed by recording simultaneously 
the contraction of three parts of the organ, namely, the vaginal, the 
middle and the ovarian parts 

It was found that m the dioestrous period there is a slow conduction 
between the ovarian and the imddle part of the uterus, and that the 
vagmal part contracts mdependently of the other two 

A remarkable change takes place under the action of pitmtary 
All three parts of the muscle now contract practically simultaneously, 
just as they do m the normal uterus at oestrus or m early pregnancy 
It seems that pituitary has mduced the same effect m the uterus at 
the dicestrous period as that which occurs naturally at osstrus and durmg 
early pregnancy 

These two mdependent observations suggested that the change of 
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the mechanism m the uterme muscle that occurred from the dioestrous 
period to oestrus and pregnancy might he due to an increase of pituitary 
secretion durmg the latter periods That is to say, the changes here 
described m the behaviour of the uterme muscle from period to period 
might be due only to a varying mcrease and decrease of pituitary secre 
tion, and m pregnancy they would be due to a steady mcrease, or even 
as Dixon and Marshall suggest, to a sudden mcrease of pituitary 
secretion at the end of pregnancy, finally brmgmg about labour If 
this should be so then it seemed reasonable to assume that it might be 
possible, by creating these conditions artificially, that is, by mjectmg 
an appropriate quantity of pituitary mto the body of the animal, 
to mduce parturition at any time of pregnancy 

For this purpose it was necessary to keep the animal under an even 
influence of pituitary throughout a spell of 10 hours or so, m order 
thereby to create conditions similar to those which occur naturally at 
the end of pregnancy It has been shown by the author elsewhere (7) that 
a small quantity of pituitary extract (equal to 1 mgrm of moist posterior 
lobe), when mjected mtravenously mto a cat, produces a marked efiect 
on the uterus lastmg for at least an hour This mdicated a method for 
keepmg the animal under the prolonged action of a known quantity of 
pituitary by mjectmg the drug mtravenously at hourly intervals 

Because of two obvious advantages the rabbit was chosen for this 
investigation First, the rabbit’s ear-vems oSer the greatest possible 
convenience for repeated mjections without mjury to the animal 
Secondly, if the doe is m good condition, she never ceases to breed, 
which consequently allows the mvestigation to be contmued wthout 
mterruption Besides, the rabbit may be mated at any time durmg a 
prolonged heat, and, as the act of successful copulation is quite definite, 
the precise time at which pregnancy starts can be fixed Thus, as one can 
always know the exact day of pregnancy of any doe, and, as the duration 
of pregnancy (namely 31-32 days) is fairly regular m any one stram o 
rabbits, the experiments can be repeated under almost identical con 
ditions, on any particular day of pregnancy 

It was considered best to start with does at the end of pregnancy, to 
contmue by working backwards m stages of pregnancy day by day, an 
to conclude on does at the very begmnmg of pregnancy The reason or 
so domg was to ascertam, first of all, the mmimnm quantity of pituitarv 
strong enough to mduce parturition on the last day of gestation In t c 
case of the cat, already referred to, it was found that a dose of 
extract equal to 0 004 mgrm of moist posterior lobe per kilo cat is 
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mxnmxum that piodnces a visible efiect on the uterus vi sUu This 
minimum amount vras therefore taken as the startmg-pomt The extract 
used Tras that of Parke, Davis and Co , which the author has recently 
standardised after the method suggested by Burn and Dale(9), and 
has estimated to be equal to 30 mgrm of moist gland per 1 c c 

The results obtamed may be divided mto three groups, namely, 
those concemmg the time (1) from the 32nd backwards to the 29th day 
of pregnancy, (2) from the 28th to the 18th day of pregnancy, and 
(3) from the ITth to the 1st day of pregnancy They will now be described 
m the order m which they were actually worked out 

Group 1 Goiering the time from the i2nd backwards 
to the 2^th day of pregnancy 

That the does were not under actual labour at the time when the 
mjections were commenced was taken for granted because of the fact 
that they had not yet made a fur-nest, as they normally do some short 
time before they produce their young Furthermore, to ensure that the 
mjection itself was not the cause of the onset of labour, from mechamcal 
or other causes, control mjections with sabne solution were given 
without causing any visible effect Thus, it was made certam that all 
the occurrences foUowmg the pituitary m 3 ections were really the result 
of the drug administered In aU the cases of this group immediate 
delivery of hve foetuses could be mduced by mjectmg a certam quantity 
of pituitary 

The facts concemmg the 32nd and Slst days of pregnancy wiU first 
be dealt with, as these results are more or less equivalent to each other, 
owmg probably to shght variations m the length of pregnancy The 
smallest quantity of pituitary needed to cause immediate parturition was 
equal to 0 0075 mgrm of moist posterior lobe per kilo rabbit As a rule, 
the does showed distmct signs of straining immediately after the adminis- 
tration of the pituitary, and cast the first of then young withm 1-3 
minutes afterwards The action of this very small quantity of pitmtary 
was just sufficient to give the uterus power to get nd of one fetus, and 
no more When, after an mterval of 4—6 hours, a second mjection of the 
same mmute dose of pituitary was administered, the second fetus was 
bom and so on, showmg that the pituitary action was so slight and 
short m duration that it was exhausted with the dehvery of a smgle 
fetus When the dose of pitmtary was mcreased to an amount 10-20 
times as large as the minimum quantity a different thmg happened, 
namely, one fcetus after another was cast, so that withm 5-10 minutes 


PH LXI 


26 



386 


H E ENAUS 


the whole htter was bom At a normal birth the young rabbit is bom 
enclosed m the foetal membranes and placenta, so that the whole ovum 
IS cast in toto, under the action of pitmtary the young, especially the 
first one, were very often bom without the placenta, which usually 
followed a short time afterwards, sometimes as a result of a secoud 
mjection 

The results obtamed on the 30th day of pregnancy did not difier 
m nature from those described above, but for mducing parturition on 
this day a much larger quantity of pituitary was required than on the 
last two days of pregnancy, namely, a dose equal to 0 3 mgmi of moist 
gland With the mcrease of the dose of pituitary there was an obvious 
delay m the response, as the actual birth occurred usually only after 
prolonged treatment extendmg over several hours 

On the 29th day of pregnancy a further mcrease of pituitary was 
needed m order to obtam the same result as on the last three days of 
gestation The mmimum quantify was found to be equal to 0 6 mgrm 
of moist gland per kilo rabbit and the number of injections required to 
produce birth varied between one and eight On this day m particular 
it very often happened that the response of the uterus to the pituitary 
mjection was the delivery of one young only , for example, one doe was 
given three mjections of pituitary at hourly mtervals, 6 mmutes a ter 
the third mjection one foetus, lookmg very underdeveloped, yet a ve, 
was cast without the placenta No more mjections were given on t 
day, but three days afterwards, on the 32nd day of pregnancy (the norma 
duration), another nme fully developed young were born, these averaging 
20 grm heavier than the one produced by the action of pituitary on e 

29th day . 

In short, it was possible to mduce parturition by mjecting a cerr 
quantity of pituitary on the 32nd, 3l8t, 30th and 29th day of pregnancy 
The mmunum dose of pituitary strong enough to cause , 

32nd and 31st day appeared to be equal to 0 0075 mgrm of mom g 
per kilo rabbit, rising to 0 3 mgrm on the 30th day, ^ 
on the 29th day of pregnancy The complete dehvery of the 
always be mduced, and this depended only on the amount of pituitao 

injected 

Group 2 Covering the time from the 2Qlh to the ISlh day ofpregn J 

In all experiments of this group the does were given nme t 

of pituitary at hourly mtervals, so that they were kept under con 
pituitary action throughout 9 hours It may be said at once 
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period 15 ctaxactetised by tbe fact that no quantity of pituitary ^vas ever 
found sufficient to induce abortion dnrmg tbe day on wbicb the ex- 
periment v?aa carried out As a result of this prolonged pituitary action, 
however, the fcstuses were killed mside the uterus, and were cast some 
days subsequently After this fact had been established, the next step 
was to find out approximately the minimum quantity of pituitary 
sufficient to cause the death of the foetuses on the various days of this 
period It was found that a dose of pituitary extract equal to 1 3 mgrm 
of moist gland per kdo rabbit administered for every mjection on the 
28th day of pregnancy, a dose equal to 1 5 mgrm of moist gland admm- 
istered on the 27th day, and a dose equal to 2 mgrm of moist gland given 
on all the other days back to the 18th day of pregnancy, was succeeded 
by abortion some days subsequently The mterval between the m- 
jections and the subsequent abortion varied from 2-6 days In some 
cases, m which the experiment was performed on the 26th and 27th 
days of pregnancy, abortion occurred at the normal end of pregnancy, 
namely on the 32nd day That the foetuses had died m these cases in 
consequence of the pitmtary action seemed to be proved by their ap- 
pearance, m that they were distmctly underdeveloped, the stage of 
development varying with the day of pregnancy on which the mjections 
had been made, and were far hghter m weight than the average young 
bom normally In some cases, however, one or two young escaped death 
and were bom ahve amidst the emaciated mass of the dead fitter, while 
m other cases, where all the fetuses were dead, it appeared as if the 
fetuses had died off at different times, for they varied m their degree 
of development and in their stage of decomposition 

To elucidate the actual cause of fetal death some does were kJled 
after the mjections had been made and before abortion occurred For 
this purpose a group of four does was treated m the usual way on the 
20th day of pregnancy One of these was killed on the following day, 
or 18 hours after the last mjection had been given Reddish brown 
(decomposed) blood was found m the vagma, obviously havmg flowed 
out from the uterme cavity The amuiotic cavities were filled with a 
bloody fluid, and all the foetuses had been killed, and were already 
showmg distinct signs of decomposition The placentas showed a pro- 
nounced stage of destraction, and were dark blue m colour, this pre- 
sumably bemg caused by acute bleedmg mto then tissues 

Another doe of this group was killed on the second day after the 
injections, that is on the 22nd day of pregnancy, and it was observed 
that some of the foetuses lymg m the ovarian ends of both the uterme 

26—2 
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h-oms were still ahve, but that the majority of the young had been killed 
and were m an advanced degree of autolysis 

The third doe, killed three days after the experiment, on the 23rd 
day of pregnancy, presented a similar picture of destruction and atrophy 
inside the uterine horns, bub still further advanced than in the former 
cases 

The last doe, killed four days after the pitmtary treatment, on the 
24th day of pregnancy, had already aborted and showed only the usual 
symptoms of recent pregnancy 

These experiments were repeated and gave exactly the same results 
as before There agam it was found that in one case, which was treated 
with pituitary on its 2l8t day of pregnancy and kdled three days sub- 
sequently, both foetuses occupymg the ovarmn ends of the two uterme 
horns had survived, whilst all the others had been kdled 

Although these experiments had given evidence of foetal death 
foUowmg pitmtary action, they had yielded no clear mdication of when 
death actually occurs, nor of what might be regarded as the primary 
cause of death In pursuit of this question another group of four does 
was selected and treated in the usual way on their 21st day of pregnancy 

Two {a and b) of these were destroyed one hour and a half after the 
last injection of pituitary had been given It was surprismg to find m 
one of them (a) that the foetuses were still ahve, although apparently 
mjured, as they showed a distinct lack of activity The placentas, 
however, looked shghtly congested and were a shade darker m colour 
than usual 

In the second case (6), the foetuses and placentas showed a degree 
of destruction distmctly more pronounced than m the other doe, the 
fcetuses were dead, and the placentas congested In both these cases, 
however, no free blood could be observed, either m the vagma or any 
where m the uterus 

The third doe (c) of this group was killed 5 hours after the last 
mjection had been administered In this case the eSect of pitui^^ 
action was obviously more marked than in the other two does c 
advanced atrophy of most of the foetuses showed that they must 
died some hours previously Only the two lymg at the ovarian en o 
the uterme horns had escaped death up to this time, but they were 
distmctly mactive 

In the fourth a nim al (d) of this group, which was killed 10 hours a ej 
the last pituitary admmistration, the degeneration of the foetuses an 
placentas was more advanced than in the other three 



389 


PITUITARY EXTRACT IN PREGNANCY 

These experuneuts showed that the immediate effect of pituitary 
action on rahhits m tie 20th or 21sti day of pregnancy was small, pre- 
sumahly causmg some disturbance m the fcetal circulation, followed by 
a slow dymg of the foetuses It then became of interest to determme 
-srhetheT the same effect was produced by an equal quantity of pituitary 
extract given to ammals m a more advanced stage of pregnancy For 
this reason three rabbits were taken, one on the 24th day, the second on 
the 26th day, and the third on the 28th day of pregnancy, all three 
-were treated exactly m the same way, and were killed 3 hours after the 
last mjection had been administered 

An exammation of the organs m these three rabbits showed an 
astoundmg amount of destruction mcreasmg with the advance m the 
stage of pregnancy In the case on the 24th da-y of pregnancy the 
foetuses were dead and the placenta congested, the degree of disturbance 
was greater m the second rabbit, and m the third the fcetuses already 
showed an advanced stage of antolysis, the placentas were black and 
blood had flowed mto the bquor amim and mto the vagma, mdicatmg 
that the action foUowmg the first few m]ections had been strong 
enough to kill the foetuses 

The actual cause of the death of the foetuses m the experiments of 
this group was found to be a flow of blood mto the tissue of the spongy 
layer of the placenta The degree of acute bleedmg as an immediate 
result of pituitary action varied accordmg to the stage of pregnancy at 
which the ammal happened to be In the earber stages of pregnancy, 
as on the 20th day, the effect on the placenta could scarcely be detected 
by the naked eye when the doe was killed a few hours after the last 
pituitary injection had been given, though histological preparations 
showed that some tmy amount of bleedmg had occurred as a result of 
the abnormal tearmg of the uterme muscle at the ]omt layer of the 
placenta But as soon as bleeding, however mmute m quantity, took 
place, there was sufficient cause to make bleedmg contmue mdefimtely 
until large blood-clots were formed, which worked like wedges between 
the uterine wall and the placenta and finally led to the complete detach- 
ment of these two organs The further pregnancy had advanced the 
greater was the immediate effect of pituitary action, represented by 
coagulated blood of mcreasmg amount lymg m the meshes of the 
destroyed tissue of the spongy layer 

Attention may he drawn to the fact that m a number of cases the 
foetuses at the vagmal end of the uterme cavity had been kiUed, whilst 
those at the top were still alive, as though the pitmtary extract had 
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acted differently upon each, part of the uterus The explanation of this, 
however, might be that the bottom foetus has to stand the pressure 
from all the others lymg further up, whilst the one at the top has to bear 
only the contractions of the surroimdmg uterme wall Besides, it may 
be due also to the way m which the uterus is fixed m position, for the 
vagmal part of it is certainly more firmly attached to its surroundmgs 
than the ovarian part, and thus, the uterus contractmg mto a fixed pomt 
at the bottom, the effects of labour are concentrated at this particular 
spot To sum up, it may be said that the effect of pituitary action upon 
the pregnant uterus during this period consists of some destruction of the 
tissue of the spongy layer, and that this mcreases considerably with the 
advance of pregnancy and causes a correspondmg amount of bleedmg, 
which finally brmgs about foetal death and abortion 

Group 3 Covering the time from the llth to the 1st day of pregnancy 

This group of experiments is characterised by the fact that whatever 
reasonable quantity of pituitary extract was mjected mto a rabbit m 
this period of pregnancy it was never possible to disturb pregnancy The 
amount of pituitary used at each mjection was up to 0 5 c c of pituitrm 
(Parke, Davis), which is equal to 16 mgrm of moist gland, or 4-5 mgrm 
per kilo rabbit Considermg that the^ average weight of the posterior 
lobe of the hypophysis m the rabbit is 7 6 mgrm , the quantity of 
pituitary used for each mjection was far m excess of any amount which 
could possibly be secreted naturally, and therefore was thought to bo 
strong enough to produce a maximum action on the uterme muscle That 
the action of such a dose of pituitary was really powerful could easily he 
observed by the distmct straimng which the rabbit showed unmediatelr 
after the mjection, and the frequency of micturition and defecation gave 
evidence of its violent action upon the plam muscle of other systems 
Twenty-seven experiments were earned out on rabbits wbich were m 
the different days of this period of pregnancy, and it was found that no 
pituitary action could be produced sufficient to disturb pregnancy 
durmg this time nor sufficient even to reduce the size of the litters born 

Discussion 

The results obtamed m this investigation mdicate that considerable 
changes occur m the relationship between the hypophysis and t c 
uterme muscle durmg pregnancy, and it is now a matter of mtcrpretuig 
these changes rightly They may be due to variations in the functions o 
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one of tlieae organs or in both, of them to decide this question it -would 
appear best to start first with the study of the results in Group 1 

It has been shown that it is possible to induce parturition on any day 
of this period by stimulatmg the uterme muscle with a certam quantity 
of pituitary But in order to obtam always the same result it is necessary 
to mcrease the dose of pituitary from a quantity equal to 0 0075 mgrm 
of moist gland on the 32nd and Slst day of pregnancy to one equal to 
0 3 mgrm on the 30th day, and to one equal to 0 6 mgrm on the 29th 
day of pregnancy This looks as though the conditions m the uterme 
muscle were more or less the same all the time, and as though there were 
naturally a rapid nse of pituitary secretion finally resultmg m labour 
As the average weight of the posterior lobe of the pituitary gland m the 
rabbit is 7 5 mgrm , it seems quite likely that this gland is able to secrete 
1/1000 of its total weight per hour, which amount is required to cause 
buth on the 32nd and 31st day of pregnancy This sounds accep-table 
enough, but that there should be an increase of secretion at a ta-be of 
1 100, roughly speakmg, -within two days, is not so easy to bebeve 
This figure is arrived at as folio-ws It may be assumed that the 
uterme muscle does not change in its functions from the 29th day up to 
the Slst or 32nd day of pregnancy, because it is capable of delivermg 
the young at any tune during this period, provided it gets the requisite 
stimulus from the pituitary furthermore, let us suppose that a negbgible 
quantity of pituitary is secreted on the 29th day of pregnancy, and that 
a dose of pituitary equal to 0 6 mgrm of moist gland is therefore needed 
to mduce parturition As roughly 1/100 of that amount only is required 
to yield the same efiect on the Slst or 32nd day of pregnancy, we could 
say that the other 99/100 of that amount is naturally secreted on these 
two days, thus stimulatmg the uterme muscle to such an extent that we 
have only to add the mmute quantity of 0 0075 mgrm to make the 
uterus reach the pomt where it gets nd of its contents This would 
mean, in other words, that the pituitary gland would secrete an amount 
equal to the difference between 0 6 and 0 0075 mgrm of moist gland per 
hour on the 31st and 32nd day, or an amount approximately equal to its 
o-wn weight per day This would be a considerable but not an impossible 
quantity From this argument the conclusion might be drawn that 
labour is brought about by a sudden mcrease of pituitary secretion durmg 
the last days of pregnancy If this be a true conclusion, we ought to be 
able to obtam some confirmation of its truth by stud-ying the results 
of the second group of experiments 

Commg now to Gronp 2 of the erperunents, we find, however, that 
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there is a sudden break m the course of events occurring between the 
29th day and the 28th day of pregnancy We find that when the dose 
IS confined within reasonable limits, pituitary mjected mto a rabbit on 
the 28th day of pregnancy wdl never directly cause abortion The fact 
that pregnancy can be mterrupted by injectmg pituitary on the 29th day, 
and cannot be mterrupted by domg so on the 28th day, in spite of usmg 
a quantity of pituitary far larger than could ever possibly be secreted 
by the hypophysis of the rabbit, proves that there must be something 
besides the pitmtary secretion that changes m its function during preg- 
nancy, and this can only be the uterine muscle The conclusion is that 
the abortion caused by the administration of pituitary on the 29th day 
of pregnancy cannot possibly be due to an mcrease of pituitary secretion 
m the rabbit, but must depend on some notable change m the uterine 


muscle occurrmg at that particular tune 

Furthermore, let us consider the immediate effect of pituitary action 
upon uteri in different stages of pregnancy withm this period Let us 
suppose that durmg the tune from the 18th to the 28th day of pregnancy 
the pituitary secretion is more or less steady, as Dixon and Marsha 
have shown, then one would expect to obtain more or less the same resu 
on any day of this period if an equal quantity of pitmtary is always use , 
but this 18 not so It is beyond all doubt that the effect gradua y m 
creases when the experiments are carried out m the way descn ® ^ 

that these show only a minute effect at the begmnmg of the perio 
end, however, m vast destruction on the 28th day of pregnancy 
IB a further proof that the uterme muscle undergoes a remarkani 
change, at least from the 18th day up to the 29th day of Pregnancy 
Lastly, when we follow the results described m Group 3 of tt 
perunents we experience yet another surprise, for we n “ 
pituitary loses aU its power to disturb pregnancy during the firs ) 
of gestation Here agam, the remarkable break occurrmg om 
day to the 18th day of pregnancy can be explamed only y s 
affictmg the uterme muscle We may be hour, 

obtain maximum contractions of the uterus, as g a 
when 0 6 c c of pituitrm (Parke, Davis) is given to a rabbit 
however, of extendmg this maximum action over 9 h 
results m disturbing pregnancy on any day of of the 

does not produce even the slightest influence on 
ova durmg the earlier days of pregnancy In vie uterme 

therefore, we concluded that a great alange takea P “ get eloping 
muscle, begum, ng at least on the ITtb day and gradually deiel p 
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up to the 29tli day of pregnancy This period, m which the change m the 
nterme muscle is experimentally proved, covers 13 days of pregnancy, 
hut it remams an open question whether the change commences earher 
than we are able to recognise it and contmues to develop durmg the last 
few days of pregnancy or not In order to solve this question we may 
consider the evidence supplied by other mvestigations on the uterine 
^muscle durmg pregnancy 

It IS umversally recognised that the mcrease m weight of the uterus 
durmg pregnancy is chiefly due to the hypertrophy of the muscle • 
Luschka and V eit<3) found m the human uterus that the formation of 
new muscle fibres is hmited to the first three or four months and that 
from this tune onwards only hypertrophy of the existmg muscle cells 
takes place, each cell mcreasmg 7-11 tunes m length and 2-7 tunes 
in width A similar increase in the size of the nterme muscle durmg preg- 
nancy may be postulated also of most mammals 

In Fig 1 IS shown a chart kmdly given to me by Mr J Hammond, 


Fig 1 



The rate of grorrth of the ntenne muscle of the rabbit darmg pregnancy 
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■5rluc}i shows the rate of growth of the rabbit’s uterus during pregnancy 
It gives a clear idea of the sbght increase in weight during the first 
16 days of pregnancy, and of the rapid growth of the uterus that takes 
place from this tune onwards 

We know very httle about the physiology of the uterine muscle 
durmg pregnancy, but cluucal observations throw some light upon the 
remarkable change which occurs during its progress We may quote a 
statement on this matter from Williams’ OhstetncsW “The increasing 
• readmess with which the uterus reacts to stimulation durmg the latter 
months of pregnancy affords abundant evidence of its growing irritabihly 
The mtermittent contractions, which occur at intervals throughout 
pregnancy, come more and more frequently at this tune, and occasion- 
ally with such mtensity that it may be diflScult m the last few weeks 
before delivery to distmguish between them and actual labour pains ’’ 
This IS the pomt of view expressed m most of the text-books on obstetrics, 
and adopted m physiology 


CONOLXTSIONS 

My own mterpretation of these facts is as follows There is no mcrease 
of irritability or sensitivity of the uterus durmg pregnancy, but, corre 
spondmg to the growth of each muscle cell, there is a regular rise of 
contractility of the muscle The larger the muscle cell the greater is its 
ability to shorten itself It is m consequence of this fact that the effect 
of pituitary extract upon the muscle mcreases steadily the further 
pregnancy is advanced Durmg the first ten days of pregnancy the 
maximum contraction m each muscle fibre cannot produce a sufficiently 
great mechamcal effect to influence the transport of ova, or to disturb 
the connection between the uterme wall and the placenta durmg the 
subsequent seven days In other words, at this tune the uterme muscle 
cell has not yet grown enough, as may be seen from the chart (Fig 1), 
and so has not yet the power to break down the tissues of the spong} 
layer of the placenta when it is stimulated by pituitary The maximum 
shortenmg of the cells caused by pitmtary on the 18th day, however, 
has ]ust reached the threshold where the attachment of the placenta 
begms to suffer, and from this time onwards there is a perceptible m- 
crease of effect with every day, the maximum contractions of the muscle 
foUowmg the pituitary administration cansmg vast destruction between 
festal placenta and uterme wall The transition of the pituitary effect 
from the 28th to the 29th day of pregnancy is hy no means abrupt, as it 
might appear, on the contrary, when we look at the enormous devasta 
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tioa effected by pitmtary action on tbe former dav we wonder wby actual 
debvery bas not taken place On tbe 29tb day of pregnancy tbe uterme 
muscle cells bave grown so large that tbeir maximum contraction, caused 
by pituitary, results m tbe debyety of young, wbile m tbe last few days 
of pregnancy tbe uterus keeps on growmg and mcreasmg ifs contractility 
so that eventually a maximum contraction is no longer needed to 
produce tbe young It bas been shown above that there is a difference 
in tbe effect foUowmg a mmunum dose of pitmtary and that foUowmg a 
maximum dose given, for example, on tbe last day of pregnancy Tbe 
tninimTim dose of pituitary at this tune may cause tbe birth of one 
young, but a larger dose is immediately followed by tbe birtb of tbe 
whole litter By tbe end of pregnancy, however, the muscle fibres have 
become enlarged to such an extent and bave thus acquired so great a 
power of contractibty that tbeu spontaneous contractions alone finally 
cause birth There is no need to postulate any sudden influence or 
stunulus actmg on tbe uterus at this time, as tbe labour pains are not 
essentially different m character from tbe contractions immediately 
precedmg them, but only slightly more severe m degree, and so are to 
be regarded as tbe last step m tbe series of gradually expandmg events 
There are other factors which bave been regarded as of importance 
m the onset of labour and therefore need some consideration For 
example, it is said that tbe loosenmg of tbe placenta is indispensable to 
tbe debvery of tbe foetus That this is not so can easfly be proved Under 
normal conditions young rabbits are cast wrapped m tbe fcetal mem- 
branes, that IS, tbe ovum is cast as a whole, but it bas been shown 
above that the young can be cast without their membranes and placentas 
when pituitary is used, particularly so on tbe 29tb and 30tb day of preg- 
nancy This proves that the actual process of burtb is merely a matter 
of the uterme muscle In man and many mammals the foetus is bom 
first and tbe placenta follows some time subsequently Furthermore, it 
is well known that tbe placenta may not get loose at all, whilst the 
delivery of tbe foetus takes place quite normally Tbe conclusion to be 
drawn is, however, that tbe actual mechanism loosenmg tbe placenta 
as pregnancy advances is due, apart from any retrogressive processes 
in tbe placenta itself, to tbe mcreasmg contractflity of tbe uterme 
muscle Tbe placenta is a non-contractile body attached to the utenne 
wall, which, on tbe other band, is contmually contractmg and extendmg 
So long as tbe vanation m the surface of tbe uterme muscle is com- 
paratively small, a fixed attachment between these two organs is likely 
to exist This is shown in tbe rabbit by the fact that up to about the 20th 
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day of pregnancy the placenta can only be separated from the uterme 
wall by cutting through the close connection between them As preg- 
nancy proceeds, however, this connection becomes looser and looser 
every day, so that at the end of gestation the placenta may be squeezed 
ofE from the uterine wall with the greatest ease and this loosening would 
certamly be brought about by the mcreased activity of the uterme 
muscle 


It has also been suggested that the size of the foetus and the simul- 
taneous extension of the uterme wall must be looked upon as important 
factors in startmg parturition But attention must be called to the fact 
that m man the duration of pregnancy remams constant m spite of great 
variations in the size and weight of the foetus, and m spite of the enormous 
extension the uterus has to undergo m case of twms or hydrammos 
Further, m cases of extra-utenne foetation, where the foetus has had a 
chance of growing up to the normal end of pregnancy, patients feel 
exactly the same pams at the onset of labour as under normal conditions, 
and if the placenta happens to be attached to the outside of the uterus 


it becomes loose m the same way as under ordmary conditions 

In this con nection an mteres tmg paper ofSauerbruchandHeyde(5> 
may be referred to Using the method of parabiosis they tried to detect 
whether birth occurrmg m one of two partners influences the pregnancy 
of the other Five experiments were carried out on rats, each rat of a 
pair bemg at a different stage of pregnancy In two experiments the 
animals lived together for a week when one m each pair bore a normal 
btter without affectmg their partners, which cast their young a fortnight 
later at their normal end of pregnancy In the other three experiments 
the rats hved together longer, and the difference m the stage of preg- 
nancy was not so great Yet, m spite of the difference m the stage of 
pregnancy, labour started almost sunultaneously m both animals and 
resulted m a htter of normal young m one, and an abortion of under- 
developed foetuses in the other partner The authors conclude that the 
lack of mutual influence between the two partners observed m the former 
experiments was due to want of sensitivity of the uterine muscle m the 


partners that were at the beginnmg of pregnancy 

In another mvestigation on the induction of labour by injections 
foetal serum HeydeCO) agam comments on the lack of sensitneness 


of 

of 


the uterus at the earher stages of pregnancy 

When we consider further how much effort has been expended, both 
legally as well as illegally, in attemptmg to discover a drug that wil 
excite the uterus sufficiently to mduce abortion, and how all this effort 
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las been m vain, vre may say agam that tlis failure is due to lack of 
sensitivity of tie ntenne muscle at the time 

Lastly, ve lave to consider on vhat tie growth of tie uterme muscle 
durmg pregnancy depends It can be at any rate stated that its groivtl 
IS due to a hormone mflnence and not to anytlmg else So far as our 
present knowledge goes, we are entitled to regard tie presence of tie 
corpus luteum as tie mam factor m causmg tie growth of tie uterme 
muscle, and this is particularly clearly dlnstrated m pseudo-pregnancy 
Hammond(8) has shown that m the rabbit "the removal of the 
ovaries at any time durmg pregnancy is followed either by absorption 
of tie foetuses or by abortion, this bemg almost certainly due to the dis- 
appearance of tie corpora lutea The reason why pregnancy ceases to go 
•on under these circumstances is that the uterus immediately shrinks and 
atrophies These facts and the results obtamed m the present mvestiga- 
tion fumisl ample evidence that abortion occnrrmg at earber stages of 
pregnancy cannot be regarded as the efiect of any activity of tie uterme 
muscle, but rather as the consequence of some disturbance m the supply 
of the necessary hormones 

The author erpresses his smcete thanks to Dr F H A Marshall, 
and to Mr J Hammond, for the great mterest shown and the helpful 
criticism oSered at all stages of this mvestigation 

The author’s thanks are due to Messrs Parke, Davis and Co for the 
free supply of the drug 
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ON CELLULAR ACTIVITY AND CELLULAR STRUCTURE 
AS STUDIED IN THE THYROID GLAND 

Bt W CRAMER and R J LUDFORD 


{From the Lahoratories of the Imperial Cancer Research Fund ) 

The following observations were made as an attempt to establish a 
correlation between changes m the functional activity and m the 
structure of the cytoplasm as mdicated by alterations m the mitochondria 
and the Golgi apparatus Both these stnictuxes can be seen m the hvmg 
cell and are not, therefore, artefacts produced by special methods of 
fixation The mitochondria have, moreover, been seen to undergo 
spontaneous changes m size and shape m hvmg cells (i) We have used 
the cells of the thyroid gland as the most smtable test object for the 
following reasons They are cells of a secretmg gland, but unhke most 
gland cells they do not contain durmg rest their specific secretory product 
withm themselves to any great extent Most cells of a secretmg gland 
are filled with their specific secretion — we may give as instances the 
acmar cells of the pancreas, the medullary cells of the adrenal, and the 
cells of the sahvary glands, while the hver cells contam glycogen as 
their specific secretion It is obvious that m such cells changes m the 
mtemal structure may result for purely mechamcal reasons, owmg to 
the accumulation, and subsequent rapid discharge of secretion m the 
course of fimctional activity In the restmg thyroid gland the specific 
secretion accumulates as the “coUoid” outside the cells, withm the lumen 
of an alveolus 

Another reason for selectmg the thyroid gland was that prenous 
observations by one of us (2) had determmed a number of conditions 
which are associated with rest and activity respectively of the gland 
Thus, exposure to cold and the mjection of j 3 -tetrahydronaphthyIamm 
produce an mtense actimty of the gland, while a restmg condition is 
mduced by exposure to a hot environment, and by thyroid feedmg The 
mcreased activity of the gland on exposure to cold and after mjection 
of tetrahydronaphthylamm manifests itself by an mtense congestion 
of the mteralveolar and the mtra-alveolar capillanes and by a disappear- 
ance of the coUoid from the alveoh A figure lUustratmg this condition 
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has been pubbsbed m a previous paper (3) The congestion of the intra- 
alveolar capiUanes may be so mtense, especially after tetrabydronapb- 
tbylamm, that bEemorrbages mto tbe centre of the alveob may occur 
Sometimes tbe cells hnmg tbe alveob get detached and are pushed mto 
tbe central lumen of tbe alveob Conversely heat and thyroid feedmg 
mduce mactivity of tbe gland We have then an accumulation of coUoid 
m tbe alveob ■which appear distended with coUoid Tbe interalveolar 
capdlanes close up altogether so that tbe lining cells appear to be restmg 
directly upon tbe basement membrane Tbe thyroid gland offers, m fact, 
a very stnkmg illustration of tbe opening and closmg of capdlanes m tbe 
different stages of functional activity of an organ Tbe stainmg reaction 
of tbe coboid also changes In matenal fixed m Eormol bichromate 
solution and treated subsequently with osmic acid (Scbndde’s method) 
tbe coUoid of tbe restmg thyroid gland, that is to say, tbe gland of a rat 
or mouse kept m a hot environment or fed on thyroid gland, stains 
deeply 'mtb Heidenbam’s bsematoxybn and retains tbe stam tenaciously 
on drfierentiation with non-alum In tbe active gland tbe first change is 
tbe loss of this afBmty for bffimatoxybn, so that tbe colloid appears 
colourless on differentiation Tbe response of tbe thyroid to beat ■which 
was first described by one of us m 1916, has smce been confirmed by 
Mills W 

In a previous pubbcation(3) has been discussed tbe significance 
which these observations have m demonstratmg that tbe thyroid forms 
together with tbe adrenal a humoral mechanism for tbe beat regulation 
of tbe body In tbe present paper, where we are dealing with changes m 
tbe ac^fci'vity of tbe thyroid mduced by different agencies we may pomt 
out tbe importance of controlbng tbe thermal environment if one ivisbes 
to get comparable results It is probable that tbe neglect of this factor 
is responsible for many of the contradictory or mconclusive results 
recorded m the bterature concemmg changes m tbe appearance of tbe 
thyroid gland 

As an illustration of tbe rapidity with which tbe thyroid responds to 
changes m tbe thermal envuonment, bhgs i, u and m are given here 
big 1 represents tbe thyroid of a mouse kept at ordmary room tem- 
perature Figs 11 and m give tbe appearance of tbe thyroids of nuce 
which for a week bad been subjected to tbe foUo^wing routme They were 
kept m glass jars which were placed m an mcubator kept at 37° C at 
10 o’clock m tbe monung and removed at 6 o’clock m tbe evening From 
5pm till 10 a m of the following day they were kept m a room with an 
open wmdow durmg cool weather m March After having been sub- 
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The following observations were made as an attempt to establish a 
correlation between changes m the functional activity and m the 
structure of the cytoplasm as mdicated by alterations m the mitochondria 
and the Golgi apparatus Both these structures can be seen m the hung 
cell and are not, therefore, artefacts produced by special methods of 
fixation The mitochondria have, moreover, been seen to undergo 
spontaneous changes m size and shape m hvmg cells (i) We have used 
the cells of the thyroid gland as the most sm table test object for the 
following reasons They are cells of a secretmg gland, but unlike most 
gland cells they do not contain durmg rest their specific secretory product 
within themselves to any great extent Most cells of a secretmg gland 
are filled with their specific secretion — we may give as instances the 
acmar cells of the pancreas, the medullary cells of the adrenal, and the 
cells of the sahvary glands, while the hver cells contam glycogen ns 
their specific secretion It is obvious that m such cells changes in the 
mtemal structure may result for purely mechamcal reasons, owmg to 
the accumulation, and subsequent rapid discharge of secretion in t e 
of functional activity In the restmg thyroid gland the specific 


course 


secretion accumulates as the “colloid” outside the cells, within the lumen 
of an alveolus 

Another reason for selecting the thyroid gland was that prenous 
observations by one of us (2) had determined a number of con ti 
which are associated with rest and activity respectively of the g 
Thus, exposure to cold and the injection of ^-tetrahydronapht y 
produce an mtense activity of the gland, while a resting con 
mduced by exposure to a hot environment, and by thyroid feeding 
mcreased activity of the gland on exposure to cold and after wil^c 
of tetrahydronaphthylamm manifests itself by an intense conges 
of the mteralveolar and the mtra-alveolar capiUanes and by a ' 

ance of the coUoid from the alveob A figure lUustratmg this condition 
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has been, published in a previous paper(3) The congestion of the mtra- 
alveolar capillaries may be so mtense, especially after tetrahydronaph- 
thylamm, that hsemorrhages mto the centre of the alveob may occur 
Sometimes the cells lining the alveoli get detached and are pushed mto 
the central lumen of the alveob Conversely heat and thyroid feeding 
mduce inactivity of the gland We have then an accumulation of colloid 
m the alveob vrhich appear distended mth coUoid The mteralveolar 
capdlanes close up altogether so that the bmng cells appear to be restmg 
directly upon the basement membrane The thyroid gland offers, m fact, 
a very stnkmg illustration of the opening and closmg of capdlanes in the 
difierent stages of functional activity of an organ The sta ining reaction 
of the colloid also changes In matenal fixed m Fonnol bichromate 
solution and treated subsequently with osmic acid (Schndde’s method) 
the colloid of the restmg thyroid gland, that is to say, the gland of a rat 
or mouse kept m a hot environment or fed on thyroid gland, stams 
deeply with Heidenham’s hfematoxylm and retains the stain tenaciously 
on difierentiation with iron-alum In the active gland the first change is 
the loss of this affinity for haematoxylin, so that the colloid appears 
colourless on difierentiatioru The response of the thyroid to heat which 
was first described by one of us m 1916, bas smce been confirmed by 
illlls{4) 

In a previous pubhcation(3) has been discussed the significance 
which these observations have m demonstrating that the thyroid forms 
together with the adrenal a humoral mechanism for the heat regulation 
of the body In the present paper, where we are dealing with changes in 
the activity of the thyroid mduced by different agencies we may pomt 
out the importance of controlling the thermal environment if one wishes 
to get comparable results It is probable that the neglect of this factor 
13 responsible for many of the contradictory or mconclusive results 
recorded m the hteratuxe concerning changes m the appearance of the 
thyroid gland 

As an illustration of the rapidity with which the thyroid responds to 
changes m the thermal environment. Figs i, u and m are given here 
Fig I represents the thyroid of a mouse kept at ordinary room tem- 
perature Figs u and m give the appearance of the thyroids of mice 
which for a week had been subjected to the foUowmg routine They were 
kept m glass jars which were placed m an mcnhator kept at 37° C at 
10 o’clock m the morning and removed at 5 o’clock m the evening From 
5pm till 10 a m of the foUowing day they were kept m a room with an 
open window dutmg cool weather m ilarcL After having been suh- 
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]eote^ to this regular routme for several days one mouse was failed m 
the afternoon after having been kept for 6 hours in the incubator The 



Fig I Room temperature Fig u Immwljafe effect of cold, 

following heat 



Fig 111 Immediate effect of heat, following cold 
Hga i-ui Thyroid of mouse x 300 


appearance of its thyroid which represents the immediate eBect of a hot 
environment is given m Fig in The other mouse had been remov ed from 
the mcubator at room temperature and kept in the cool room for 4 liours, 
when it was killed It shows the immediate effect on the thyroid gland 
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of a cool envuoumeut as seen m Yig u Tins expenment has been 
repeated frequently isutb different variations, such as one single prolonged 
exposure to beat, vitb tbe uniform result that exposure to beat leads to 
an accumulation of deeply staining colloid, vrbicb on exposure even to 
a moderately cool environment rapidly disappears 

Havmg estabbsbed a number of conditions vrbicb mduce rapidly 
and -ratb certamty rest and activity of tbe tbyroid gland m sucb animals 
as tbe mouse and tbe rat, it vas possible to study changes m cellular 
structure m these different conditions as manifested by changes m tbe 
mitochondria and m tbe Golgi apparatus m order to see -wbetber cellular 
activity m tbe cells of tbe thyroid is correlated vntb defimte changes in 
these cytoplasmic elements So fax bttle defimte knovrledge is available 
concerning tbe function of tbe imtocbondna, although this problem has 
been tbe subject of a good deal of speculation Tbe mitochondria of tbe 
tbyroid gland of gumea-pigs subjected to a number of different con- 
ditions have been studied by Is icbolson(5) His findmgs have, bovrever, 
not given any very clear or conclusive results 6oetscb(6) observed an 
mcrease m the number and size of the mitochondria m toxic adenomata 
of tbe thyroid associated vitb symptoms of hyperactivity of tbe gland 
He pomted out tbe importance of finding a cntenon for determining 
wbetber mdividual thyroid cells are functionally hyperactive or not, 
smce many cbmcal cases of hypertbjrroidism can frequently not be corre- 
lated vntb tbe ordmary histological appearance He suggested that a 
study of the mitocbondna might furnish sucb information Qmte 
recently Seecoff (7) has published observations sbovrmg an mcrease m 
tbe mitochondria m the thyroid gland of gumea-pigs and rats m vrbicb 
hyperplasia had been mduced by fat feedmg and a dumnution of tbe 
nutochondna vrben mvolution of these byperplasic glands was mduced 
by lodme Here agam we are dealing with chrome pathological con- 
ditions rather than a physiological response of tbe gland Ho figures are 
presented recotdmg these changes, which detracts from tbe value of 
these observations 

The Golgi apparatus has been studied by various authors m cells of 
externally secretmg glands m different stages of secretory activity In 
the restmg cells it assumes a contracted and relatively simple form and is 
then closely apphed to the nucleus with a defimte onentabon Durmg 
functional activity of tbe cells it has been found to undergo enlargement 
extendmg from the nucleus m the direction of the lumen In many glands 
the secretion arises m mtimate relaUonship with the apparatus which 
later becomes broken up mto fragments 

PH LXt 
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The methods employed by us for the demonstration of these two 
cytoplasmic structures were as follows For mitochondria Schndde’s 
fixation (Formol bichromate solution with subsequent treatment by 



Figs 1-3 Thyroid fed. 



Figs 4, 6 Exposure to heat. 



Figs 0, 7 Fasting 
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osmic acid) and Btauung ivith Heidenhain’s iron-alum hamatoxylm. 
5 ot fke Golgi appaiatuB Ludfoxd'stS) modification of tlie Mann- 
Kopscli method (fixation m osmic acid and sublimate and subsequent 
treatment mth ivarm osmic acid) The actual appearances are given m 
Figs 1-11, to ivluch the follomng details may be added Figs 1-3 from 
a rat fed on 0 1 grm thyroid daily for 30 days The animal vras then 
m a good state of nutation and the post-mortem exammation shoved no 
obvions changes from the normal Fig 4 from a rat kept at 37° C for 
3 hours Fig 5 from a rat kept at 37° C for 36 hours Fig 6 and Fig 7 
from a rat kept vithout food for 20 hours m the animal room vhich was 
kept at a fairly even temperature of about 16-20° C This may be taken 
as representmg a condition of normal activity of the thyroid gland m the 
rat Fig 8 from a rat which had been epilated and kept m the open air 
on a warm autumn day for 3 hours Fig 9 from a rat not epilated and 



Figs 8, 9 Expojnre to cold. 


kept for 1 hour m the open m a glass ]ar on a cold wmter day Both 
these rats had previously hved m the warm animal room Fig 10 from 
a rat Med 30 mmutes after the mjection of 15 mgrm of 8-tetrahv- 
J-onaphthylamm (=THls m figures) Fig 11 from another rat 
30 mmutes after the mjection of 10 mgrm of the same drug All the 
animals were lolled with coal gas and the thyroids fixed at once The 
experiments have been earned out repeatedly and the figures give typical 
appearances for each condition ® ^ 

The diSerences are particularly staking when one compares cells of 

27—2 
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The methods employed by us for the demonstratioii of these two 
cytoplasmic structures ivere as follows For mitochondria Schndde’s 
fixation (Formol bichromate solution with subsequent treatment by 



Figs 1-3 Thyroid fed- 



Figs 4, 6 Erposore to heat 
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osmic acid) and staining mtli Heidenham’s iron-alum hsmatoxylin. 
For the Golgi apparatus Lndford’s(8) modification of the Mann- 
Kopscli method (fixation m osmic acid and sublimate and subsequent 
treatment mth warm osmic acid) The actual appearances are given m 
Figs 1-11, to which the foUowmg details may be added Figs 1-3 from 
a rat fed on 0 1 grm thyroid daily for 30 days The animal was then 
in a good state of nntnbon and the post-mortem esammation showed no 
obvious changes from the normaL Fig 4 from a rat kept at 37° C for 
3 hours Fig 5 from a rat kept at 37° C for 36 hours Fig 6 and Fig 7 
from a rat kept without food for 20 hours m the animal room which was 
kept at a fairly even temperature of about 16-20° C This may be taken 
as representing a condition of normal actimtr of the thyroid gland m the 
rat Fig 8 from a rat which had been epilated and kept m the open air 
on a warm autumn day for 3 hours Fig 9 from a rat not epilated and 



Figs, 8, 9 Exposure to cold. 


kept for 1 hour m the open m a glass jar on a cold wmter day Both 

these rats had previously hved m the warm animal room Fig 10 from 

a rat Med 30 mmntes after the mjection of 15 mgrm of fi-tetrahv- 
^naph%Ia^ (=THX m figures) Fig U from another rat 
30 minutes after the mjection of 10 mgrm of the same drug All the 
animals were kiUed with coal gas and the thyroids fixed at once The 
experiments have been earned out repeatedlv and the figures give typical 
Appearances for each condition ^ exypicai 

The differences are particularly striking when one compares cells of 
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glands showing the two extreme stages, such as complete rest after 
exposure to heat and mtense activity after mjection of tetrahydronaph- 



Figa 10, 11 Action of T H \ 


thylaimn In the cells of the thyroid of a normal ammal all stages of 
activity may be seen m di ff erent alveoh, while the cells of each ah eolus 
present a uniform appearance This is due to the fact that the cells of the 
thyroid function m relays, as do, m fact, the ceUs of all secretmg glands 
In such glands as the pancreas or the adrenal medulla, uhere the specific 
secretion can be demonstrated within the cells, one finds that while the 
ceUs of a restmg gland are fairly umformly charged, they do not par- 
ticipate equally in the process of secretion when the gland is stimulated 
to activity In the active pancreas for instance one may find groups of 
acim having discharged completely their zymogen granules, while others 
are stiU filled with them Similarly, m the active adrenal medulla secre 
tion begins always m the cells lying around the central vein and its 
immediate tnbutanes These cells will show profound changes, while 
in parts of the gland remote from this region the cells may still present 
an appearance of rest In the thyroid we find similarly a fairly homo- 
geneous appearance m the cells of the completely resting gland while in 
the active gland different alveoh may present different stages of actmt} 
The figures represent the predominant appearance under the conditions 
indicated 

The figures are self-explanator}% so that a detailed description is 
unnecessary A pictographic summaiy showing the changes in the mito 
chondna and the Golgi apparatus m a semi-chagrammatic form is gi%en 
in Fig 12 The results may be summarised ns showing a definite cone 
lation between cell actmty and cytoplasnuc structure wth increasing 
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activity of the gland the large thread-like forms break up into shorter 
rods 

The Golgi apparatus shows the same changes which have been ob- 
served m cells of externally secretmg glands in different stages of 
secretory activity , it exhibits a simple contracted form m the resting 
ceU, during activity it enlarges, becomes convoluted, and after prolonged 
activity it breaks up In the thyroid we find similarly the simple con- 
tracted form after thyroid feeding and after exposure to heat, irhiJe 
after exposure to cold and after mjection of tetrahydronaphthylaimn it 
IS enlarged and convoluted and begms to disintegrate This is itself 
confirmatory evidence that the various conditions examined by ns 
induced rest and activity of the thyroid 

Cowdry(O) has observed changes m the position of the Golgi 
apparatus in the thyroid gland of the gumea-pig and has suggested that 
this position might vary with the direction in which the specific hormone 
IS secreted He found that m some alveoh the Golgi apparatus had the 
usual orientation, lying on the side of the nucleus directed towards the 
alveolar lumen, whde in others it was Ijung on the other side of the 
nucleus He makes the interesting suggestion that m the resting gland, 
when the specific hormone is secreted into the central alveolar lumen, the 
Golgi apparatus hes on the side of the nucleus directed towards the centre 
of the alveolus He assumes that dunng activity the thyroid hormone is 
secreted directly into the blood vessels or lymphatics and that the Golgi 
apparatus wanders round the nucleus with the change in the direction 
of secretion and comes to he on the opposite side This suggestion is of 
importance, because, if correct it would enable us to use the position of 
the Golgi apparatus m the thyroid cell as an mdicator of its activity 
There is, however, no evidence in Co w dry’s observations of an increased 
activity of the gland, where he found that the Golgi apparatus had 
reversed its position In our observations where the state of functional 
activity of the gland was known, we have found no endence to support 
the suggestion that the Golgi apparatus exhibits a consistent change o 
polarity varying with activity of the gland, although occasionally it has 
been seen to he on the side of the nucleus away from the centre of the 
alveolus An example of this appearance is seen in one cell of Fig 
Since m our preparations the position of the Golgi apparatus show ed no 
consistent change m the conditions of extreme actinty, it appeal^ 
to us doubtful, m the absence of further evidence, whether Cowdry a 
mterestmg inteipretation can be accepted 

In addition to the changes in the cytoplasm there are also nuc car 
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changes The most ohvions change is a dimmntion of the chromatin 
content as evidenced by a loss of staining power of the nucleus in 
conditions of mtense secretory activity 

The findings recorded in this paper have a general mterest from the 
point of view of cell mechanics In discussmg the part played m the cell 
by surface energy due to structural surfaces account has been taken 
hitherto only of the sO'Cahed cell membrane which is really the most 
peripheral part of the cytoplasm, and the nuclear membrane The cyto- 
plasm has been described erroneously as homogeneous and without 
visible structure by authors dealing with cell mechamcs, BaylisspO) and 
LeathesfU) for instance, though conclusive evidence to the contrary 
has been furnished by cytologists, as detailed m Cowdry’s book In the 
mitochondrial apparatus the cytoplasm has a mechanism by which it 
can alter surface energy by creating withm itself an enormous surface, 
or reducing the surface to a mmimurn. In the thyroid cells the former 
alternative is associated with mtense activity, the latter with a condition 
of rest Tfe have obtamed evidence of a similar relationship m the ad- 
renal medulla and the hver Xow the concentration of hpoids m the cell 
membrane can be esplamed on physico-chemical grounds as bemg due to 
the fact that substances which lower surface tension tend to accumulate 
at the surface The same wdl occur therefore withm the cytoplasm when 
a very extensive surface is created by the enlargement of the mito- 
chojidna The cvtoplasmic hpoids wdl accumulate around the mito- 
chondria It IS mteresting to note that on the basis of their stainmg 
reactions the mitochondria have been described as bemg composed of a 
core of protem surrounded by a sbeatb of bpoids and further that the 
formation of fat globules m cells has been associated with rmtochondnal 
activity As the rmtochondnal surface dmumshes the hpoids will return 
to the cytoplasm This ebb and flow of the lipoids from the cytoplasm 
to the rmtochondnal surface and back which accompames changes m the 
rmtochondnal surface, must necessarily affect the conceutration of the 
hpoids m the cytoplasm and therefore also m the cell membrane With 
increased activity of the cell and mcreasmg nutochcJndnal surface the 
hpoids wdl be withdrawn from the cell membrane to the imtochondna 
During rest the change will be m the opposite direcbon Such a process 
would account for alterations m the permeabdity of the cell 
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Conditions were established which induce intense activity and com 
plete inactivity respectively of the thyroid glands A veiy clear relation- 
ship could be demonstrated between the functional state of the gland 
and the mitochondria In the restmg glands the mitochondria are barely 
visible In the active gland they show an enormous enlargement The 
condition of the imtochondna presents therefore a criterion for the 
functional state of the gland, and may, as Goetsch has suggested, be 
useful m the study of pathological conditions of the thyroid The Golgi 
apparatus shows the same changes which have been observed in the 
other gland cells m rest and activity a simple, contracted form m the 
restmg ceU, an enlarged convoluted form durmg activity, followed by a 
dismtegration mto granules 

The significance of the mitochondrial changes from the pomt of new 
of cell mechamcs is discussed The mitochondria represent a mechamsm 
by which the cell can produce great variations m surface energy within 
the cytoplasm On the basis of accepted views such vanations must be 
accompamed by changes m the distnbution of the hpoids withm the 
cytoplasm and the ceU membrane These changes, m turn, would aSect 
the permeabihty of the cell 
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THE VENOUS PRESSURE OF THE EYE AND ITS 
RELATION TO THE INTRA-OCULAR PRESSURE 

By W STEWART {Phmmer Besearch Felloto) 

[From the Department of Physiology and Biochemistry, 

University College, London ) 

In the estimation of the venous pressure of the eye, five difierent methods 
have hitherto been employed -with results so much at vanance that the 
-whole question of the physiology of the aqueous is still a matter of dis- 
pute By some observers it is held that a pressure difierence exists 
between the chambers of the eye and the exit veins such as to allow a 
<lramage of flmd by a hydrostatic flow, by others that absorption occurs 
by osmotic forces alone , some have concluded that the pressure gradient 
from capillary to aqueous is sufficient to allow the formation of the latter 
by a process of simple transudation, while others insist that it is not 
sufficient, and that consequently the mechanism of formation is a 
secretory one, involving an active expenditure of energy by the cells of 
the cihary body 

These experimental procedmes may be bnefly reviewed 

1 The compretsion method of v Beoklinghaasen was employed by Seidel (29) 
nnd Hirolahi (14) -who applymg a pressure chamber over the episcleral veins as they are 
seen under the conjvmctiva found the pressure at the point of their obliteratioa to bo very 
much lower (10-18 mnn Hg m doge and rabbits) than the intra ocular pressure The 
measurement here made, however, is that of the pressure m the veins outside the eye — 
virtually m the orbit and to assume that it represents the intra ocular venous pressure is 
quite unjustified 

2 AverylargenumberofespenmenterB,mo3trecentlySeidel(28)and Hiroishi (14), 
have drawn conclusions as to the method of esat of the mtra-ocnlar fluids, and the relative 
pressures m the eye and m the veins, from eiperunents mvolvmg the mjection of dyes A 
d\e havmg been mtroduced mto the antenor chamber, the appearance of colouring matter 
in the episcleral veins is taken as necessarily Indicating a fall m pressure between these two 
pomts The mtroduction of a needle, however, mto the eye, and the mjection thereinto of 
any material nrotoundly changes the pressure equflibnnm, and completely alters the 
circulation. The conditioiis thus obtauimg can m no way be called normal, and therefore 
phvBiological conclusions based on mtra ocular mjeotions are patently open to onbcism 
3 Weiss (35), eipenmentmg on rabbits, inserted a cannola mto a vortex vem, thus 
measurmg the pressure directly He ohtamed very vaiymg results. The venous pressure 
ranged from 33 to 03 mm, Hg and was mvanably higher than the mtra ocular, the ratio 
vannng from 12 10 to 19 10 Lullies (19), nsmg the same techmqne m dogs, came to 
the same conclusion his results vaiymg from 21 to 39 mm. Hg The blockage of a vortex 
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vein, however, involves the production of hypenemia with which the coUoteral venons 
channels are unable to cope, and this invahdates any pressure readmgs thus obtained The 
inadequacy of the anastomoses can readily be seen m the case of the albmo rabbit if a 
ligature be passed round one of these veins snbconjunotively, a lone of hypenemia appears, 
which IS seen most clearly m the ms, hunted to the quadrant dramed by the vem m question, 
later a considerable nse of mtra-ooular pressure occurs (10-20 mm Hg) In the dog the 
same reaction occurs although it is much less pronounced, a nse in pressure of 7—10 nun 
resultmg The vanation in nae of pressure la due to a difference in the nchness in anosto 
moses m these animals, in the dog there is a direct commumcation between the anterior 
(oiliaiy) system of veins and the posterior (vortex), in the rabbit there is not, on ohbtera 
tmg one efferent channel in the dog, therefore, more anastomotic avenues are available 
than in the rabbit, and the nse of pressure la less marked. Lullies* results are consequently 
more nearly correct than those of Weiaa, and of the former’s the lowest come nearest to 
the trutL 


4. With a view to determining the relative pressure relation between the aqueous and 
the venous channels, Wedgefarth (34) mtrodnced a fine needle mto an episcleral vein in 
the dog, pushed it down through the solera into the anterior chamber, and then withdrew 
it and ligated the vein, since no blood flowed into the eye, he concluded that the pressure 
in the latter was greater than the venous pressure A fistula was here made, however, at 
a moment when the normal pressure equihbnum was completely disturbed, it was made 
through raw tissue, and immediately afterwards the blood flow was stopped, thns providing 
every opportumty for the formation of clots, while the methods adopted subsequently !<> 
demonstrate the patency of the channel were merely such as would wash away any new!} 
formed clot which might have been deposited at the time of fistuhsation 

5 Bailliart (2) and ATagitot (22) have made an extensive study of the ocular circa 
lation by making use of a compression tonometer, which xegisterB the force apphed b} the 
excursion of a standardised spring On compressmg the globe of the eye with the foot^ 
piece of this instrument, the veins at the optic disc are simultaneously observed through 
the ophthalmoscope In a certam proportion of eyes there is a spontaneous pulse in these 
veins 3 U 6 t at their out at the optic nerve head (68 pc, Bailliart), the increment of 


pressure on the globe necessary to abolish this pulse shows how much higher the maximum 
venons pressure is than the intra ocular pressure Of the others v hich show no spoutancous 
pulse, 12 p c show the pulse if the globe is compressed, the pressure thus required to produce 
the pulse shows again how much higher the venous pressure is than the intra ocular In 
the remaining 30 p c. no pulse can be elicited on pressure, in these the venous pressure is 
consistently below the mtra-ocular These deductions arc, however, open to cntjcisw, since, 
as will bo pomted out later, several complicatmg factoia other than mere pressure differ 
onces enter mto the mechanics of the formation of the venous pulse of the e^c 


The pressure in the intra-scleral veins The consideration of the abo\ e 
results leads to the conclusion that the essential feature of any technique 
to determine the pressures of the venous exits must be the mamtenance 
of a normal mtra-ocular pressure as well as the avoidance of any venous 
hyperiErnia As best fulfilhng these conditions, the techmque employe 
by Carrier and Rehberg(7) m the estimation of capillary pressure was 
adopted and modified to siut the conditions of the case 

Dogs were employed in the mvestigation, smee these are the mos 
convenient laboratory ammal with tolerably large veins, and m them, 
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as -we have seen, the anastomoses of the venons channels are very 
e£6aent Injection experiments m these animals shovr that the venous 
blood from the uveal tract is drained by tiro systems (c) from the 
antenor part of the chonoid,the ciliary bodv, and ins by a comphcated, 
jjj-fCT-anastomosmg nng plexus m the substance of the sclera (taking 
the place of the Canal of Schlemm) rrhich empties mto a second nog- 
plexus — ^the Qrcle of Honus — ^running round behmd the comeo-scleral 
junction, near the surface of the sclera, but stiU m its substance, being 
covered by a thm layer of scleral tissue through nhich it is clearlv visible , 

(6) from the mam body and postenor part of the chonoid by four or five 
vortex veins irhich leave the eye eqnatonaUy and are earned array cm 
the recti muscles The Circle of Honus is dramed by tno vems, or groups 
of vems, antenorly, running fonrards to jom the orbital veins, and 
postenody by mtra-scleral vessels, running bactvrards to anastomose 
mth the vortices, lymg, bke the Circle of Honus itself, in the outer layers 
of the sclera, and visible through its substance 

A. piece of glass tubing 4 mm m diameter was drawn to a very fine 
sharp pomt at the end, the process bemg repeated several tunes to 
obtain a very short and fine tip A ade arm near the pomt was con- 
nected by a rubber tube to a levelling bulb filled with physiological 
citrate solution As the leyelhng bulb is raised and lowered the citrate 
column m the tube follows suit, and a pressure is therefore exerted at 
the capiUary tip equal to the height of this column When the tip is 
immersed in blood, there is a theoretical error m the pressure measure- 
ments obtamed depending on the difierence between the surface tension 
of the citrate solution and blood, but its magmtnde is so small that it 
may be neglected When the tip is inserted mto the lumen of a yem, 
blood wiU flow mto the tube if the venons pressure is higher than the 
pressure of the citrate column, if the venous pressure is lower, catrate 
will flow mto the vem By rai sing and lowering the levellmg bulb and 
obsemng the capillary pomt through a dissecting imcroscope, a very 
exact pressure measurement can be obtamed. The mtra-scleral Terns of 
the Circle of Honus and the postenor anastomosing vems just described 
are ideal for the method, smee under the nucroscope they appear large 
enough for the capillary pomt to be mtroduced mto them without 
hesitation and for it to be held m their lumen for some tune Meanwhile 
the mvestmg scleral tissue, by keepmg the vessel patent, ensures the 
ready entrance of the pomt mto the lumen, and at the same tune allows 
perfect freedom for the contmnance of the cmndation (observable under 
the microscope), thus preventmg any hvpexffimia or dammmg up of the 
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stream The lateral pressure is thus measured while retammg a free and 
undisturbed flow m the veins, and at the same time leavmg the mtra- 
ocular conditions wholly unaffected The degree of accuracy attained is 
seen m that the mean vanation of six readmgs taken m each experiment 
was ± 0 26 c c citrate (0 18 mm Hg) 

Anaesthesia was mduced by chloroform-ether, and mamtamed by 
intravenous chloralose The scleral veins were reached by shttmg up the 
hds back to the orbital margm m the mid-hne, and keeping them retro- 
verted by stitches The conjunctiva was then mcised behmd the hmbiis, 


and dissected back until the veins were exposed The dissectmg micro- 
scope was then focussed on the exposed sclera, direct lUununation bemg 
obtamed from a strong hght concentrated by a lens system 

Precautions were taken to record the mtra-ocular pressure with as 
httle disturbance as possible In the first experiment it was taken 
directly by a compensated manometer filled with sahne which was 
inserted mto the eye, usmg an air bubble inserted mto a honzonta 
capillary tube as an mdex of eqmhbnum, and no measurements were 
taken until 16 nunutes after the pressure changes following the mtro 
duction of the needle had disappeared In the second expenment the 
tension of the two eyes was taken by a tonometer and was found to be 
equal this instrument does not give absolute measurements m 
accuracy, smce the recorded pressures vary with the radius of ci^a e 
of the globe, and with the resistance of the coats of the eye to the deform- 
ing force of the tonometer, but it is accurate for comparative measme 
ments m the same mdividual at different tunes, or between ^ ® ^ 
(approximately equal) eyes of the same mdividual at the same time 
Smce the pressures m the two eyes may thus be considered identical, tn 
pressure was taken m the second eye by the sahne-Med manome . 
and the readmg transposed to the first eye In the third expenmen 
tension was taken with a tonometer, and the venous P^^uro th 
observed, the manometer was then inserted, and after 
been estabhshed at the ongmal mtra-ocular pressure, the 
pressure was agam taken, and a similar readmg agam obteined 

The pressures recorded m three dogs were these (eac o 

of six readings) 


No of dog 
1 


TOP 

22 mm Hg 
(300 mm citrate) 
20 mm. Hg 
(360 mm. citrate) 
26 mm. Hg 
(340 mm. citrate) 


V P 

23 6 mm Hg 
(320 mm citrate) 
28 mm Hg 
(380 mm citrate) 
20 mm Hg 
(350 mm. citrate) 


Difference 
^ p —1.0 P 

16 mm Hg 
2 mm Hg 
1 mm Hg 
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The venoTis pressrire m the rntra-scleral reins, therefore, is sbghtlr 
abore the mtra-ocnlar pressure under normal conditions, the pressure 
difieience areiagmg 1 5 mm Hg 

The fressure -in the extra-sdeTaJ teins The techmque of Seidel(20) 
r-as adopted, a glass cyhnder being used as a pressure-chamber rrhose 
base ivas formed of a membrane of softened cellophane, and irhich was 
m commumcation with a manometer and levelling bulb containing 
warmed sahne The mtra-ocular pressure was taken as m the previous 
experiments both by tonometer and manometer The pressure was 
estimated m the subconjunctival vems near the comeo-scleral junction 
that pomt being taken as standard of measurement when the first signs 
of mterference with the blood flow became apparent this precaution is 
necessary m order to eliminate the factor of hyperasmia, smce, if the 
pressure be mamtamed, the vem ongmahy emptied of blood refills and 
begins to pulsate, and a vessel which ongmally required 15 mm Hg to 
obhterate it, now requires a pressure of 20 mm Hg Over a senes of 
12 experiments on dogs results comparable to those of Seidel were 
obtamed, although they were shghtly higher the pressure m the veins 
soon after their exit from the eye vanes from 5 to 8 mm Hg below the 
mtra-ocular pressure, the average figure being 7 2 It may be repeated 
that the mterpretation put upon these results by this observer is not 
admitted, viz that they represent the mtra-ocular venous pressure, 
the rapid drop m magmtude after leavmg the eye is only to be expected, 
the pressure level fallmg to that obtammg generally m the veins of the 
orbit and head 

The pressure in the intra-ocuJar teins The retmal circulation is, 
except for very mmor anastomoses, anatomically separated from the 
chonoidal, but, smce the venous pressures throughout the eye will be 
shown to vary with and be dependent upon the mtra-ocular pressure, 
it would seem probable that the exit pressures throughout the eye are 
to all mtents and purposes equal Although, for anatomical reasons, the 
pressures m the capillaries of the two arculations are unequal, there is 
a large amount of evidence which goes to show that the entrance and 
exit pressures are similar, and that the same pressure gradient exists m 
both systems, although it is unequally proportioned In the ms of many 
ammals there are vessels of such a size as to be observed readily through 
a bmocular loupe On applymg graduated amounts of pressure to the 
globe of the eve bv means of a dynamometer, these eventually pulsate 
and finally are obhterated as the diastohc and then the systohc pressures 
are reached these changes take place m the ms pen passu with similar 
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changes in the retina This was first noted byLeplat(i3)in the dog, and 
Bonnefon(6) m the rabbit, while Magitot and Bailliart(23) noted the 
same relation m the cat Bleidnng(4), by compressmg the eye by a 
pressure chamber through which ophthalmoscopic exammation was 
possible, concluded that m man the circulatory conditions m both retinal 
and chonoidal systems vaned together, and, takmg advantage of a case 
of a vasculansed persistent pupillary membrane, Vo8sius(32) noted the 
parallelism m the behaviour of the vessels therem with those of the 
retma 

The mtra-ocular venous pressure was therefore studied m the retmal 
vem, masmuch as it is easdy observable by means of the ophthalmoscope, 
and IS less readily influenced by a dehcate vaso-motor mechanism which 
reacts to any mtra-ocular mampulation by an immediate response than 
are the vems of the ins and cihary body The relation between the mtra- 
ocular pressure and the venous pressure was detennmed by the estab 
hshment of a fistula between a vem on the optic disc and the cavity of 
the eye The outer canthus was sht up, and a very fine needle with a 
knife pomt inserted through the sclera behmd the cihary body and lens 
mto the vitreous Guided by observation through the ophthalmoscope, 
the pomt of the needle was approximated to the termmation of a retmal 
vem upon the optic disc, and then the handle was carefully supported 
for 16 mmutes until any pressure reaction due to the mtroduction of the 
instrument had subsided That any such reaction is small, provided the 
needle is sharp enough and small enough, was demonstrated by repeats 
controls earned out with a manometer inserted mto the eye Still under 
direct vision through the ophthalmoscope, the shghtest movement ^'en 
to the needle now suffices to pierce the wall of the vein with the km c 
pomt It 13 easy to differentiate an artery from a vem, and even if a 
mistake is made, the result is at once apparent on piercmg an artery 
the fundus at once fills with blood, m the case of a vem a sma je 
blood flows out more slowly, and forms, mitially, a cone m the vitreous 
m the track of the needle This would seem to happen mvanably m do^, 
m cats, and m rabbits smee it was tned m a large number of ammn s, 
26 m aU, with an identical result Smee the blood flows out of the ^ ein, 
the venous pressure is higher than the mtra-ocular, and any ena o 
from normal caused by the shght movement of the needle act m 
direction of raismg the ocular pressure, and so confirm rather t an n la 

the result , „ppitr- 

That the difference between the two is not large is seen , 

rence of a spontaneous venous pulse at the disc in many mdm ua 
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animab Kormally tliere is a pressure pulse m tlie eye of an amplitude 
of a little over 2 mm Hg, correspondmg mtli tlie systole of tlie xetmal 
artery, and stoning a sudden ascent, a sustained plateau, and a slorr 
descent Alternating nntli this tte veins at tte disc may storr an mverse 
pulsation, teing compressed at tte summit of tte artenal systole, and 
m many cases, wliere this is absent normally, the apphcation of a small 
amount of pressure (2-3 mm. Hg) to the globe is sufdcient to mduce it 
In other cases moreased pressure on the ^obe fads to mduce a pulse at 
all, m these, however, the same pressure relation holds good, as is 
seen by measurement of the mtra-scleral venous pressure, and by the 
establishment of a fistula m a retmal vem Bailliart’s concluaons, 
which were reached on very insecure grounds, cannot therefore be 
accepted, for the occurrence of a venous pulse at the disc depends on 
factors more comphcated than pressure difierences alone, thus it tends 
to be abolished by the neutrahsmg effect m the optic nerve of the 
pulsation of the xetmal artery, alongside which vessel the vem runs m 
close association for some distance, or by any condition which tends to 
obstruct the unimpeded flow of blood, as, for example, venous engorge- 
ment (Helfreich(i 2 )), or by marked rotation of the eyes to the side 
(Graves ( 10 )), a movement which wdl kmk the vem Moreover, the 
external pressure which must be apphed to the eye to mduce a non- 
spontaneous pulse is no accurate measure of the normal difference 
between the venous and the mtra-ocular pressures, for, smce the one 
vanes with the other, the latter caimot be approximated to the former 
without altering it also, thus leaving the mitial pressure difference 
between them quite unknown. 

The mnaUon of venous fressure tmth intra-ocular pressure It has been 
established m a general way that the mtra-ocular pressure vanes very 
closely with the venous pressure On tymg the vortex veins as they issue 
from the eye very large mtra-ocular pressures, up to 80 and 90 mm Tig, 
are registered Ligature of a single vem produces the same effect to a 
lesser degree, as we have seen m discussmg the experimental techmque of 
W eiss and Lullies, hgature of all the vems produces m a short tune a 
shallow antenor chamber, a dilated pupil, a hyperffimic ms, and en- 
gorged and swollen vessels throughout the eye— later the cornea becomes 
opaque, tbe tension remains stony bard, and further ophthalmoscopic 
exammation becomes impossible These effects find ample confirmation 
in tbe obsenations of several workers, the ma]onty of whom were 
mvestigatmg the effect of the venous cuculation on glaucoma— 
AdamukU), Hlrichoi), Leberan, BartelsO), liVeber( 33 ), v Schnl- 
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t4ii(2C), Koster(iO) and Magitot( 2 i) Tie somewhat eqmvocal results 
that have been obtamed on hgation of the jugular vems are readily ex- 
plamed when the extremely free anastomoses are taken into considera- 
tion, thus Adamuk(l), Gra8er(9), v Schult6n(20) and Parsons(iH) 
produced only a sight mcrease of mtra-ocular pressure thereby When, 
however, the channels are all simultaneously impeded the result is more 
marked, as on passmg a hgature round the neck (Bonnefon(C)), or by 
compressmg the thorax (Mazzei(24))j while L Hill(i3), by compressing 
the vena cava, demonstrated that a nse of pressure here was followed 
by a proportionate nse m the mtra-ocular pressure A large amount of 
clmical evidence, moreover, is available on the production of glaucoma 
by the obstruction of the efFerent vems by traumatic, thrombotic, 
or inflammatory processes Seefelder(27), Magitot( 20 ), Christel(P), 
Heerfort(ii), Stahli(30), Ischreyt(i6), and others 

A similar relation obtains on raising the mtra-ocular pressure A mer- 
cury manometer with a leveling bulb was connected with the eye of a 
cat, and the behaviour of the vems of the retma watched as the pressure 
was raised As the mtra-ocular pressure nses the veins show no com- 
presaion until a pressure of 65-70 mm Hg is reached, when they begin 
to be sightly reduced m size, at higher pressures — 70-80— when the 
flow through the artenes is beginnmg to become mtermittent owing to 
the diastoic pressure bemg overcome, they become defimtely con- 
stricted, but they are not obhterated until a pressure of 116 mm Hg 
IS reached — a pressure which stopped the flow m the artenes, and i ery 
nearly approximated the carotid level of 120 mm Hg At this point 
ophthalmoscopic exanunation reveals that the vems, which in the lower 
stages of pressure increment had been engorged, have now been reduced 
to mere streaks, the contained blood takmg up a granular appearance 
as circulation ceases 

In order to determine the relative values dunng the vanation of 
pressure, the venous pressure was measured m the mtra-scleral veins 
by the capillary manometer aieady desenbed, while the mtra ocular 
pressure was raised by a mercury manometer inserted into the eye. On 
raising the mtra-ocular pressure, the pressure in the veins just before 
their exit from the sclera was observed to fall sightly below that ob- 
taimng m the eye thus with an mtra-ocular pressure of 40 mm Hg the 
venous pressure at this pomt was found to be 39 mm Hg At the same 
time ophthalmoscopic exanunation showed the mtra-ocular i eins to le 
engorged A needle was then introduced into the postenor part of t ic 
eye ns in the previous senes of expenments, and the same result obfaine 



VENOUS PRESSURE OF EYE ilT 

as formerly on tlie establisliment of a fistula— a liremorrliage mto the 
eye— demonstratmg that the mtra-ocular venous pressure vras still higher 
than the chamber pressure A further reading of the mtra-scleral venous 
pressure vas then made, and the results co nfirm ed the previous finding 
that the pressure at this pomt iras shghtly less than the artificial pressure 
mamtamed m the eye 

This vrould seem to have an important bearmg on the physiology of 
the mtra-ocular pressure and the mechanism called mto action to mam- 
tam it at a normal level The results obtamed suggest that the venous 
pressure m the eye is alvrays shghtly higher than the chamber pressure, 
and that, vhde there is a pressure decrement m the veins through the 
scleral coat, normally the pressure at the emt is stJl m excess of that m 
the eye This organ thus falls mto hne -with the rest of the body vrherem 
the venous pressure is shghtly higher than the tissue pressure Owmg 
to the dehcate nature of the venous walls which could withstand no 
degree of pressure from outside without collapsing, it is an essential 
postulate for the mamtenance of a contmued circulation that the artenal 
pressure should be higher than the capillary, the capillary higher than 
the venous, and the venous higher than the chamber pressure "When the 
mtra-ocular pressure is raised the circulatory system is compressed That 
part with the lowest lateral pressure will give way first, that is, the veins 
at their pomt of exit will tend to be obhterated As soon as this occurs 
the blood flow will be checked, the %is a tergo from the artenes wiH pile 
up pressure, the constriction will be forced open, and the circulation wdl 
proceed at a higher pressure level This process wdl repeat itself m a 
cumulative maimer until the available force from the artenes is ex- 
hausted, that IS, until the pressure of the ophthalmic artery has been 
reached, at which pomt the entire circulation wdl cease, and the vessels 
will be obhterated In the meantime, the pressure at the venous exits 
mside the eye has approximated to the chamber pressure, the pressure 
decrement m the vesseb through the sclera, with their lumen kept always 
patent by the mvestmg scleral tissue, still obtains, and the pressure m 
the mtra-scleral vems near the outside of the ocular coat now falls below 
the mtra-ocular pressure The Canal of Schlemm, situated favourably 
as It IS m the middle of the thickness of the sclera, i e m the middle of 
this pressure decrement, wdl now acquire a pressure less than the 
chamber pressure, a hydrostatic flow wdl be set up, drainmg off aqueous, 
lowermg the mtra-ocular pressure, and actmg as a safety-valve tendmg 
to restore the normal pressure conditions of the eye " ^ 
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CoNCLtrSIONS 

1 Mettods are described for the measurement of the venous pressure 
of the eye for which is claimed a closer approximation to the normal 
conditions than is obtamed by methods employed hitherto 

2 Normally the venous pressure m the eye and m the vessels passing 
through the coats of the eye is shghtly higher (1-2 Tmn Hg) than the 
intra-ocular pressure , immediately on leavmg the eye there is a rapid fall 

3 The venous pressure vanes directly and very mtimately with the 
intra-ocular pressure 

4 On a nse of mtra-ocular pressure, the venous pressure withm the 
sclera, and therefore the pressure m the Canal of Schlemm, falls below 
the mtra-ocular pressure 

6 Under normal conditions the aqueous is absorbed mto the capil- 
lary-venous stream by osmotic forces alone, under conditions of raised 
pressure a hydrostatic outflow may occur 
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THE SECRETION OF PANCREATIC JUICE 
By J MELLANBY 

(From the Physiological Laboratory, St Thomas''s Hospital, London ) 

Since 1902 the secretin hypothesis of Bayhss and StarlingO) for the 
secretion of pancreatic ]nice has been generally accepted This hypothesis 
states that secretm is derived from a precursor (prosecretm) by the action 
of acid, and prosecretm exists m that situation m which it is m a position 
to be acted upon by acid chyme and to discharge mto the blood the 
substance which acts as a timely stimulus to the pancreatic cells As 
a coioUaxy to this hypothesis the secretion of pancreatic juice has been 
causally associated with the secretion of hydrochloric acid by the gastnc 
mucosa In a previous paper by Mellanby and E[uggett(2) it has been 
shown that secretm exists m a preformed condition m the mucous mem- 
brane of the small mtestme smce active solutions of it may be obtamed 
by solvents so diverse as water, 5 p c NaCl, 85 p c NaCl, 2 p c HCl, 

1 p c NaOH, 75 p c alcohol and 75 p c acetone Further, it has been 
shown that secretm exists m the preformed condition m the mucous 
membrane of the small mtestme m positions far removed from any 
possible action of acid chyme It is evident, therefore, that there exists 
no immediate causal relation between gastnc acidity and pancreatic 
secretion 

Accordmg to Bayhss and Starling the formation of secretm 
from prosecretm by the action of acid chyme leads, ipso facto, to its 
discharge mto the blood and thereby acts as a timely stimulus to the 
pancreatic cells But smce secretm exists m a preformed condition 
in the mtestmal mucosa it is evident, assummg that secretm is im- 
mediately responsible for the secretion of pancreatic juice, that some 
definite event must cause the passage of this secretm from the ceUs of 
the mtestmal mucosa mto the portal blood so as to evoke the secretion 
A detailed investigation was made m order to determme whether the 
entry of acid from the stomach mto the duodenum acts as the timely 
stimulus or whether some other alimentary stimulus causes the ab- 
sorption of secretm mto the blood 

Experimental methods The experiments were earned out on cats 
amcsthetised by urethane (1 5 gm per kdo of body weight) The 

28—2 
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pancreatic juice was collected from a cannula tied mto the pancreatic 
duct, and the rate of secretion was determined by tuning the drops 
Intravenous mjections were made by means of a cannula tied into the 
right femoral vem 

Previous worh The secretion of pancreatic juice may be evoked by 
the mtroduction of numerous substances (apart from the normal food 
stuffs) mto the stomach or duodenum Thus Dolinski(3) observed m 
a dog that a copious secretion was produced on passmg 200 c c of 5 p c 
HCl mto the stomach and that the greater the concentration of acid 
the greater the secretion of pancreatic jmce Further, he observed that 
the action of hydrochloric acid was not specific smce other acids, sucli 
as lactic, phosphoric and acetic acids could produce this effect Even 
water m copious quantities was effective and Bekker(4) showed that 
mineral waters containmg a large quantity of CO 2 were especially so 
The introduction of acid mto the stomach is generally recognised as the 
strongest ahmentary stimulus for pancreatic activity , but many other 
substances have been observed to produce this action, notably fat an 
alcohol (Dolinski), soaps (Babkin(6)), soap mto the duodenum 
(Fleig(6)), chloral hydrate, mustard oil, croton oil (AVertheimer an 
Lepage(7)) It is noteworthy that, as Bayliss and Starling showe , 
secretm mtroduced directly mto the duodenum does not cause a secretion 


of pancreatic jmce , 

At the begmnmg of this work the capacities of a large number 0 
substances, mcludmg many of those mentioned above, to cause a secretion 
of pancreatic juice, when mtroduced directly into the duodenum, verc 
deternuned Quantities up to 50 c c of each of the following substnnc 
were mjected mto the duodenum immediately below the entrance 0 1 

pancreatic duct secretin at different reactions (pH G 5, 7 0 and -J . 
secretm m 76 p c alcohol, 1 p c sodium bicarbonate, fres pancre 
juice, 10 p c glycerol, water, 1 p c suspension of mustard, p c 

oilmohveoil,and 1 p c HCl The only solution which caused a secret 

of pancreatic jmce was 1 pc HCl The quantity secreted afte tl. 
introduction of 60 c c of 1 p c HCl into the duodenum vas te P^ 
in 10 minutes Since the intravenous injection of 1 c c o^ an 
solution of secretm may stimulate the pancreas to secrete 0 cr j 
juice m the course of half an hour it is evident that even P c 
cannot be looked upon as an adequate alimentary stimulus 
secretion of pancreatic juice A senes of experiments v as as 
out m which extracts of the i anous parts of the alimen ary c . 
alone or in conjunction with one another, were intro ucc 
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duodenum As a matter of mterest the first experiment which gave a 
clue to the nature of the alimentary stimulus responsible for the secretion 

of pancreatic juice is detailed below 

10 c c of a mixture containing 2 c c of ox bile’- and 8cc of a 2pc 
HCl extract of the gastnc mucosa of a cat was mjected mto the duo- 
denum of an anffisthetised cat After a latent penod of 7 minutes pan- 
creatic jmce started to drop from the cannula tied mto the pancreatic 
duct The rate of secretion is shown m the foUowmg figures 


ATins 

Pancreatic jmee 
in drops 

7 

1 

13 

10 

17 

20 

25 

40 

52 

80 

75 

100 

120 

120 (G c c.) 


The secretion of pancreatic jmce continued for 3 hours At the end 
of that tune 6 5 c c of jmce had been collected It max be observed 
that withm the first hour 4 c c of pancreatic juice was secreted, m the 
second hour 2 c c of jmce and m the third hour 0 5 c c of jmce As a 
control experiment 5 c c of the above mixture of bde and extract of 
gastnc mucosa was mjected directly into the blood stream. No secretion 
of pancreatic jmce was produced, showmg that the mixture did not 
duectly stimulate secretion after absorption mto the blood The amount 
of pancreatic jmce secreted, and the rate of secretion mdicated that the 
essential factors which constitute the abmentary stimulus for this 
secretion were present m this experiment 

A number of experiments were earned out to determme whether m 
the above mixture it was the acid or some other constituent denved from 
the bile or gastnc mucosa that was active As a result of these ex- 
periments it became evident that the essential factor was the mtroduction 
of bile mto the duodenum, but that the efficiency of bde was mtunately 
related to its reaction The extract of the gastnc mucosa was not essential 
except m so far as m the above experiment it produced that reaction 
which was essential to the orderly action of bile 

(A) Bxh as the alimentary stimulus for 'pancreatic secretion 

The mtroduction of bde of an adequate reaction mto the duodenum 
produces a copious secretion of pancreatic jmee This statement is 
exemplified m the foUowmg experiment 

* Ox bde WM used m aU the eipenments doue with bde smee a large quanhtx can be 
rcadilv obtained and a senes of comparable experiments mav be made on one specimen. 
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A dilute solution of bile (2 c c bile, 8 c c 86 p c NaCl, 05 c c 
SCI (N)) was injected into the duodenum of a cat The reaction of the 
mixture was approximately neutral (pH 6 9} After a latent period of 
about 5 nunutes the secretion of pancreatic juice started and continued 
for about 2 hours At the end of that time 5 c c of jmce had been 
collected 




Pancreatic jmce 

m. 

8 

m drops 

5 

40 

1 

7 

10 

6 

9 

30 

10 

13 

35 

20 

24 

22 

40 

36 

34 

60 

65 

13 

80 

95 

26 

100 


The figures illustrate a striking fact which may be observed in a 
successful expenment, viz the rapid rate at which pancreatic juice 
is produced after the initiation of secretion It may be seen in the 
above figures that after the mitial latent period, juice was secreted 
at the rate of two drops a minute for the next 30 mmutes Even powerful 
extracts of secretm introduced directly mto the blood rarely provoke in 
the cat a secretion at a greater rate than three drops a mmute and at the 
end of about 20 mmutes the secretion ceases A series of expenments 
was now undertaken to detenmne whether bile contained an unknown 
substance which produced this secretion or whether the effect was due to 
one of its weU-known constituents 

(a) Btle salts An expenment similar to that descnbed was carried 
out except that a mixture of bile salts (sodium taurocholate and sodium 
glycocholate) was substituted for the bile The following mixture was 
mjected into the duodenum of a cat 5 c c bile salts (5 p c ), 5 c c 85 p c 
NaCl and 05 c c HCl (N) After a latent penod of only 2 minutes the 
secretion of pancreatic juice started 




Pancreatic juice 

m 

6 

m drops 

1 

65 

1 

3 

2 

6 

4 

40 

10 

7 

44 

20 

16 

32 

40 

40 

41 

00 (2 9 c c ) 


It is clear, therefore, that bile salts, contained m a solution of 
adequate reaction, mjected mto the duodenum stimulate the secretion o 
pancreatic jmce In this case the secretion was preceded by a short 
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latent penod (2 minutes) and ivas completed m a comparatively short 
penod of time (45 minutes) 

(b) Cholic acid The phenomenon was further analysed by deter- 
mmmg the capacity of chohc acid to initiate the secretion of pancreatic 
]mce 

1 p c chohc acid (pure) was dissolved m 85 p c 2saCl by means of 
a trace of XaOH (X) After solution the flmd was brought to the acid 
side of neutrahty by the addition of HCl (X) The amount of acid added 
did not precipitate the chohc acid but made the solution slightly opal- 
escent 10 c c of this 1 p c chohc acid solution was mjected mto the 
duodenum of a cat, with the fohowmg result 


EL 

E 

Pancreatic jnicc 
m drops 

4 

0 

1 

6 

50 

5 

9 

So 

10 

16 

10 

20 

2S 

15 

30 

iZ 

40 

35 (1 7 C.C ) 


It is evident that pure chohc acid is able to act as an alimentary 
stimulus for the secretion of pancreatic ]mce, although its capacity 
to act thus IS less than that of bfle salts and these m turn less than that 
of pure bile 

(c) Bile pigments The mjecbon of 4 c c of an alcohohc extract of 
bile pigment, m a concentration equal to that contamed m the ongmal 
bile, mto the duodenum of a cat did not produce a secretion of pan- 
creatic ]mce 

(d) The function of mucin in bile From the above results it is evident 
that chohc acid is the essential constituent of bde which acts as the 
ahmentary stimulus for the secretion of pancreatic juice but that the 
action of chohc acid is profoundlv modified by the state m which it 
exists m the bile The combmation of chohc aad with glvcme and 
taurme is one of the modifying factors but another factor, at least as 
important, is the presence of the mucm m the bile The function of mucm 
IS illustrated bv the foUowmg experimental results obtamed from a cat 
mto the duodenum of which was first mjected (i) dilute bile (2 c c bde 
8 c c 85 p c XaCl, 05 c c HCl (X)), and later (u) the same mixture 
but made with bde from which the mucm had been precipitated The 
followmg figures give the rates and the quantities of juice secreted under 
the two conditions 



424 


J MELLANBY 


Panoroatio jmeo 
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(i) Tlie secretion continued for 4 hours At tlie end of that time 12 c c 
of pancreatic juice had been produced (n) The secretion continued for 
2 hours only At the end of that time 6 4 c c of pancreatic juice had 
been produced This experiment illustrates the long latent period nlucli 
may elapse between the mtroduotion of the bile into the duodenum and 
the initiation of pancreatic secretion It further emphasises the im 
portance of mucin in the bile m prolonging pancreatic secretion The 
results indicate that mucin prevents a too rapid absorption of the bdc 
salts and thereby prolongs the action of the bile ns an nlimentarj 
stimulus for the secretion of pancreatic juice 

As a siibsidiarj’- action of mucm it may be obsenmd that the injection 
of bile salts into the duodenum occasionally causes hfemoglobmurin, 
a result which is probably due to the too rapid absorption of the bile 
salts causing the hannolysis of red corpuscles Probably the association 
of mucm with bile salts in bile prevents this tovic action In fact 
niiiciii carries to a still further stage the effect produced by the 
combination of cliolic acid (the essential stimulus) nith glycine and 
taurine 

(e) The injlucncc of (he hgalurc of (he bile duel and jnjlorus on lie 
secretion of 'pancrcahc ■juice The secretion of pancreatic juice after t lo 
injection of bile into tlie duodenum continues for a considerable pcriot 
of time, III the above experiment, for instance, for 1 hours Experimenta 
results of tins nature indicated that the continuance of secretion uiin • 
be due to the occurrence of secondary cients, such ns the renene 
entrance of bile into the duodenum from the gall bladder or a 
acid stimulus from the stomach m consequence of the opening ° 
pyloric sphincter Experiments ucrc therefore made to test t icse 

possibilities . 

After the ligature of the common bile duct, 10 c c of dilute s ig i 
acidified bile (2 c c bile, Sec 8 j p c NaCl O^i c c HCl (N)) 
injected into the duodeniini of a cat A cojuoiis secretion of jinncnn 
juice (i), vas produced during the succeeding 3 hours, and then 
After the lapse of an hour the jn lone sphincter was secureh tic( ant 
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additional 10 c c of dflnto bile, (u), similar to tie above vas injected 
into the dnodenmn. The resnlts are given belov 


Pancreatic jmee 

(1) 

(u) 

m drops 
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Ul. 

fc. 

1 

IS 4 

9 

45 

10 

20 

25 SI 

20 54 

21 

31 

10 

55 

40 

3S 3 

46 

49 

£0 

51 5 

71 

35 

120 

65 0 

130 

9 

Total jmee secreted 

11 c c. 
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Certainly the pancreatic jnice iras secreted more slotvlv after tying 
the pvloms but too much importance must not be attached to this fact 
smce the experiment had lasted 3 hours before secretion (n) vas initiated. 
The results ofier fair evidence that the long continued secretion of 
pancreatic jmce after the introduction of bfle into the duodenum is not 
causallv associated mth the secondary passage of bQe from the cat s 
oirn gaU bladder mto the duodenum or mth the entrance of and chyme 
from the cat’s stomach. At the conclusion of the above experiment 1 c c 
of a solution of secretin vas mjected mto the femoral vem A copious 
secretion of pancreatic juice lasting for 20 mmutes ivas ehcited, shouing 
that the action of secretin ivhen mtroduced directly mto the blood 
stream is not due to the entrance of bde mto the duodenum from the 
cat s gall bladder — a possible action rrhich required to be controlled 
bv direct experiment 

(/) The minimal quantify of hile Experiments were earned out to 
determme whether there was any relation between the quantitv of bile 
mjected mto the mtestine and the amount of pancreatic jmee secreted. 
It was found that cats yarv greatlv m the amount of secretion produced 
after the mjection of dilute bde mto the duodenum The foUowmg 
experiment mdicates that the amount of pancreatic jmee secreted m any 
cat IS deterrmned to some degree bv the quantity and dilution of the 
bile which enters the mtestine 

10 c c of the dilute bile (0*3 c c bile, 9 5 c c 85 p c XaCl, 02 c c 
HCl (2s)) was mjected mto the duodenum of a cat After the cessation 
of the flow of pancreatic jmee 10 c c of a more concentrated solution of 
bile (5 c c bile, 5 c c 85 p c XaQ 05 c c HCl (2s)) was mjected mto the 
duodenum The rates of secretion m the two cases are given below 

The figures show that the amount of bile mjected mto the duodenum 
determines (a) the latent penod, (b) the duration of secretion and (c) the 
amount of pancreatic jmee secreted. A similar experiment on another 
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Pancreatic jnice 

Dilute bile 

stronger solution 
of bile 

m drops 
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minutes 
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70 
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97 

200 

— 

160 

Total juice secreted 

4 3 c c 

12 c e 


cat showed that 2 c c of bile diluted to 10 c c produced a secretion 
almost identical with that caused by 5 c c bile diluted to 10 cc It 
IS of mterest to observe that the average capacity of a cat’s gall bladder 
IS approxunately 2 c c , so that dilution of this bile with the gastric 
contents would produce conditions of the same order as that obsen'ctl 
m the above experiments 

(B) The tnjinence of the reaction of bile 
Small changes m reaction exert a profound influence on the enpacitv 
of bile to act as the alimentary stimulus for the secretion of pancreatic 
juice On the other hand, the mechanism appears to be completely free 
from the control of the autonomic nervous system The importance of 
the reaction of bile on its capacity to act as the ahmentary stimulus for 
the secretion of pancreatic jiuce was demonstrated at an early stage in 
the mvestigation In the experiments premously described the reaction 
of the dilute bile mjected mto the duodenum was approximately neutral 
or just on the acidic side of neutrality In a number of the earlier ev 
penments, however, it was found that the injection of bile of this reaction 
led to no secretion of pancreatic jmce In some few cases the absence of 
secretion was due to the occlusion of the pancreatic duct, and in other 
cases the duodenum was full of gross parasites But, excluding all these 
cases, it was evident that some unknown factor entered into the 
mechanism A senes of experiments showed that the state of digestuc 
activity of the ahmentary canal was the deciding factor If nctn c gastric 
chgestion was proceedmg in the cat the effective alimentary stimulus for 
calhng out a secretion of pancreatic juice vas the presence of dilute 
acidic bde m the duodenum, if, however, the cat was in a fasting con 
dition, the injection of a slightly alLahne bile mto the duodenum was 
essential A cat fed with minced beef the prenous afternoon and given 
mdk at 7 am, regularly gave a large and prolonged secretion of pan- 
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cieatic ]uice vrken dilute acidic bile vras m]ected into its duodenum after 
midday (urettane baving been administered at about 9am) This is 
illustrated by the experimental results recorded on p 422 On the other 
hand, a cat supphed mth ivater only for the previous 24 hours produced 
no secretion of pancreatic ]mce when acidic or neutral bile was mjected 
mto the duodenum, but gave a copious secretion if a defimtely alkahne 
solution of bile was first m^ected. The following experimental results 
illustrate this latter statement 

Cat supphed with water only for previous 24 hours The foUowmg 
mixture was mjected mto the duodenum 2 c c bile, 7 c c 85 p c IvaCI, 

1 c c XaHCOs (15 pc) The amount of bicarbonate added to the 
dilute bile corresponds to the quantity which may be assumed to be 
present m the arterial blood of a cat, calculated from the COj content 
After a latent penod of 26 minutes pancreatic ]mce was secreted at a 
fairly rapid rate for the next 2 hours 

Pancrratic jaice 
m drops 
1 

20 
40 
60 
80 
100 
120 
140 

Total juice 6 7 c.c 

The mechanism has been analysed by means of a considerable number 
of experiments Bnefly stated it has been found that m a fastmg cat 
the optimum reaction for the dilute bile mjected mto the duodenum is 
approximately pH 7 8, and m a cat undergoing active gastac digestion, 
the optimum reaction is approximately pH 6 5 The results emphasise 
m a marked wav the dependence of alimentary processes on reaction 
A further senes of experunents was earned out to determine how far 
the reaction of the bile mjected mto the duodenum influenced its capacity 
to produce a secretion of pancreatic 3uice after secretion had been 
imtiated It was found that m a fed cat, after secretion had been started 
by an injection of bile of adequate reaction mto the duodenum, sub- 
sequent injections of bile of considerable degrees of acidity were able to 
eioke a further secretion of pancreatic juice This fact is illustrated by 
the following expenment 

10 c c of dilute bile (5 c c bile, 5 c c NaCl 85 p c , 05 c c HCl (X)), 
of a reaction pH 7, was injected mto the duodenum of a fed cat At'the 
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concIuBion of the secretion evoked by this bile a similar dilutioii of bile, 
to 'which HGI was added untd the reaction was jsH 4 6, was now injected 
into the duodenum The respective rates of secretion were as foUows 



Dilute bile (pH 7) 

Dilute bile (pH 4 6) 

Pancreatic juice 

( 1 ) 

(u) 
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b. m 
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Total juice 12 cc 7 0 . 0 . 

It may be observed that (a) the second mjection of acidic bile stimu 
lated the secretion of a considerable quantity of pancreatic juice, 
although the total quantity was less than that secreted under the 
stimulus of the neutral bde, and (6) the imtial rate of secretion with the 
acidic bile was greater than that produced after the injection of the 
neutral bde 

Sinular results may be observed ■with the fastmg ammal Although m 
the cat 'With the testing ahmentary canal, the bde injected mto the 
duodenum which mitiates the secretion of pancreatic jmce must be on 
the alkahne side of neutrahty, subsequent injections of bile may be 
defimtely acidic and yet cause a renewed secretion of pancreatic juice 
This statement is illustrated m the foUo'wmg evpenmental results 
Column 1 shows the rate of secretion of pancreatic juice secreted after 
the mjection of ddute alkahne bile mto the duodenum (2 c c os bile, 

7 c c Nad, 85 p c and 1 c c NaHCOs 1 5 p c) Column 2 shovs the 
rate of secretion produced m the same cat by the injection of dilute 
acidic bde mto the duodenum after secretion 1 had ceased (2 c c ox bile, 

8 c c NaCI 85 p c , 1 c c HCI (N)) 
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The simdanty between the rates of secretion m the two cases is 
remarkable and mdicates that the activity of the mtcstinal epithchum 
m passmg secretin mto the portal blood is determined by its own 
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mecliamsm rather than by the relation of the reaction of the intestinal 
contents to the reaction of the blood These and many similar espen- 
ments indicate that although the bde mjected mto the alimentary canal 
must be of an adequate reaction, dependmg on the state of digestiTC 
activity of the animal, to initiate the secretion of pancreatic ]uice, yet 
the secretory mechanism havmg been set m motion, subsequent in- 
jections of bde may vary vadely m reaction and yet contmue to act as 
adequate stunuh for the secretion of pancreatic juice 

(C) The mechanism of the alimentary action of hile 

The mechanism vrhereby the mtroduction of bde into the duodenum 
leads to a secretion of pancreatic juice was mvestigated The erpen- 
mental analysis mdicated that the absorption of bde salts from the 
mtestme determmes the passage of secietm from the cells of the mucous 
membrane into the blood and thereby to the pancreas 

(a) The effects of introducing chohc acid into the duodenum and ileum 
respectively Chohc acid was dissolved m ddute NaOH and then made 
shghtly acidic by the addition of HCl The acidity was such as to render 
the solution shghtly opalescent but not to cause precipitation Columns 
(i) and (u) show respectively the rates of secretion after the mjection of 
10 c c of 1 p c chohc acid solution mto the duodenum and deum 
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Thus the mjection of 10 c c of chohc acid (1 p c ) mto the duodenum 
produced 2 c c of pancreatic jmce m 1 hour, a simdar quantity mjected 
mto the deum of the same animal produced one drop of pancreatic juice 
The chohc acid appeared to be absorbed m both cases Smce secretm 
IS present m maximal concentration m the mucous membrane of the 
duodenum and practically absent from the deum, the result offers 
strong eiudence in favour of the hypothesis that the absorption of bde 
acids from the mtestme causes the passage of secretm mto the portal 
blood and hence leads to the secretion of pancreatic juice Confirmatory 
evidence m fai our of this hypothesis was obtamed from experiments m 
which the effects were deternuned of vagal and sympathetic paralysis 
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on the secretion of pancreatic joice prodnced by (1) the injection of 
secretin into the blood, and (2) the injection of bde into the duodenmn 
(b) Paralysis of the lagus In a previons paperfS) the effect of para 
Ivsis of the vagns on the secretion of pancreatic juice produced by the 
injection of secretin directly into the blood has been dealt with in detail 
Briefly stated, paralysis of the vagus by atropine diminishes the enzrme 
content but increases the rate of secretion of pancreatic juice prodnced 
by the injection of secretin into the blood The following expenmental 
results show the effects produced by atropine injected into the blood 
stream durmg the secretion of pancreatic jmce subsequent to the in 
jection of bde into the duodenum. 

10 c c of ddute bde (2 c c bde. Sec 85 p c IfaCl, 05 c c HCl (h)) 
was injected into the duodenum After a latent period of 5 irunutes 
pancreatic jmee was rapidly secreted After the secretion of 4 c c o 
juice, 5 mg of atropme was injected mto the femoral vem As a resu t 
of this procedure the rate of secretion was accelerated by one thud 


(i) Before mjechon of atropme 


(u) After injection 


Pancreatic jmee 
m drops 


{ 


SO 

S4 

88 


f os 
102 
100 
110 
144 


m. s. 
65 13 
71 4 
77 15 
S3 21 
97 30 
102 10 
105 20 
109 17 


The acceleration of the rate of secretion of pancreatic jmee produced 
bv atropme persists for a considerable period of time— m this erpenme 
for more than 30 mmutes The duration of the acceleration mdicat 
that atropme not only ddates the pancreatic ducts by para ° 
ratral endings m the smooth muscle surroundmg them (Anrepl )) 
also affects the glandular tissue of the pancreas As a , 

experiment the relative rates of secretion of poncreahe , 

by two separate mjections of ddute bde mto the duodenum, (i 
and (n) after the mtravenous mjection of 10 mg of atropm 
deternuned 
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The acceleration of pancreatic secretion produced after the intra- 
venous injection of atropine by bile in the duodenum is particularly 
marked m this experiment A. control experiment m which atropine 
was mjected directly into the mtestme showed that the effect was not 
due to a local action of atropme on the mtestmal mucosa facilitatmg 
the absorption of the mjected bile mto the blood stream from the 
duodenum 

(c) Paralysis of the syrnfatlietic An experiment sunilar to the above 
was earned ont before and after the paralysis of the secretory fibres of 
the sympathetic by the mtravenous mjection of 1 mg of ergotamiue 


tartrate 

10 c c of dilute bile (2 c c bde, 8 c c NaCl 85 p c , 05 c c HCl (N)) 
was mjected mto the duodenum Then 20 mmutes after the imtiation 
of pancreatic secretion 1 mg of ergotanune tartrate was mjected mto 


the femoral vem 


0) Before injecbon o! ergofamme 


fuj After injection 
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It IS evident that paralysis of the sympathetic secretory fibres by 
ergotanune tartrate has no efiect on the secretion of pancreatic juice 
produced after the mjection of bde into the duodenum The result is 
simdar to that observed after the mtravenous mjection of ergotanune 
tartrate on the secretion of pancreatic juice produced by the mtra- 
1 enous mjection of secretm It is a matter of considerable interest that 
the capacity of bde to act as an alimentary stimulus for the secretion of 
pancreatic jmee is not d imini shed by paralysis of the vagus or the motor 
fibres of the sympathetic The facts mdicate that the absorption of bde 
salts from the mtestme and the passage of secretm from the cells of the 
mucosa mto the portal blood are mdependent of extraneous nervous 
influences to at least as great an extent as the action of secretin, mjected 
directly mto the blood, on the cells of the pancreas 

(D) The cessation of secretion 

In the previous pages the factors determming the capacity of bde 
to act as an adequate alimentary stimulus for the secretion of pancreatic 
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]mce have been discussed The processes which determine the duration 
of pancreatic secretion after the mjection of a given quantity of bile mto 
the duodenum have been subjected to experimental analysis Four 
possible causes have been mvestigated, {a) the exhaustion of secrehn 
from the mtestmal mucosa, (6) the presence of pancreatic jmce m the 
intestme, (c) the rate of absorption of bde salts, and {d) the hnuted 
distribution of secretm 

(а) The amount of secretm contained m the mtestmal mucosa is so 
large that there appears to be no dimmution m its content after the 
mjection of dilute bile mto the mtestme and the consequent production 
of a large quantity of pancreatic jmce Thus the mucous membrane of 
a cat which had secreted 21 c c of pancreatic jmce after the mjection 
of dilute bde mto the duodenum was extracted with absolute alcohol m 
the usual way This secretm extract (1 c c ) mjected mto the femoral vein 
of an experimental cat stimulated the pancreas to secrete 4 c c of jmce 
m 26 mmutes In fact a copious pancreatic secretion produced by the 
mjection of bde mto the duodenum appeared to be associated with the 
presence of an unusually large quantity of secretm m the duodenal 
mucous membrane 

(б) The influence of reaction on the capacity of bde to act as an 
alimentary stimulus for pancreatic secretion mdicated that the cumu- 
lative action of the alkah contamed in the pancreatic jmce secreted mto 
the duodenum would automaticaUy stop the stimulatmg action of the 
bde In order to examme this hypothesis, ddute bde was mjected mto 
the duodenum of a cat A copious secretion of pancreatic jmce was 
produced At the end of 1 hour the total jmce secreted from the pancreatic 
cannula was remjected mto the duodenum and the effect of this pro- 
cedure on the flow of pancreatic jmce was observed ThefoUowmg gures 

show the rate of secretion (i) before, and (u) after the mjection mto the 
duodenum of the secreted pancreatic jmce 
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The pancreas secreted at a shghtly slower rate after the ^ 

the pancreatic jmce mto the duodenum, but as the s«<^^«tion con mued 

peU of on Ponn ,.t ..e of - .Lc Mo. ^ 

secreted during the experiment amounted to 8 6 c c ) 
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tte alimentary meolianism is not stopped by the entrance of the secreted 
pancreatic ]mce into the duodenum 

(c) The absorption of the bile is not completed in the upper small 
mtestme After the cessation of pancreatic secretion, produced by the 
m]ection of bile into the duodenum, demonstrable quantities of bile salts- 
may be found not only in the ileum but also in the large mtestme 
Therefore the early absorption of bde salts cannot be responsible for 
the cessation of pancreatic secretion 

(d) It is probable that the action of bile as the ahmentary stimulus 
for the secretion of pancreatic jmce is limited by the distribution of 
seoietm m the mtestmal mucosa Thus m the case of the herbivorous 
animals, e g the goat, the distribution of secretin extends to the large 
mtestme, as the foUouing figures shoiv 

Small mtestme (upper third) 100 mats of secretm 

„ (middle third) 90 „ 

„ (lower third) 18 „ 

Large mtestme 8 „ 

In the case of the pig the distribution of secretm is limited to the 
first 10 feet of the small mtestme, thus 


Distance trom 
pjlono sphincter 

m ieet Units of secretm 

1 100 

2 76 

3 66 

i 4S 

5 21 

b 16 

S 7 

10 4 

In the cat practically the whole of the secretm is contamed m a few 
inches of duodenum, the jejunum and ileum contammg only small 
quantities 


Duodenum 

Jejunum 

Ileum 


100 umts of secretm 
6 


It IS evident therefore that wide difierences m the distnbution of 
secretm occur m difierent animals The extension of secretm mto the 
mucous membrane of the large mtestme m the goat would appear to 
be correlated with the contmuous digestion wbch occurs m herbivorous 


The experimental analysis of the question mdicates that the duration 
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of secretion of pancreatic juice after tlie entry of bile into the duodenum 
18 determined by the distribution of secretm m the mtestine rather 
than by changes of reaction, absence of bde salts or exhaustion of 
secretm from the cells of the mtestmal mucosa On this hypothesis it 
IS evident that a large secretion of pancreatic jmce might be evoked by 
a dmnmshed peristalsis of the alimentary canal or the entrance of a 
large quantity of bde mto the duodenum In this connection it is clear 
that the volume of flmd m which the bde is contamed is of some im 
portance Thus a well-marked secretion of pancreatic jmce may be 
produced after the mjection mto the duodenum of See of bde diluted 
to 10 c c , whereas the same quantity of bde dduted to 4 c c produces 
a small secretion only This effect of volume on the efficacy of a given 
quantity of bde mjected mto the duodenum on the rate of pancreatic 
secretion has not, however, been worked out m detad 


Summahy 

(1) The mtroduotion of bde of an adequate reaction mto the duodenum 
of a cat causes a copious secretion of pancreatic juice 

(2) The active substance present m bde is chohe acid, but t e 
activity of chohe acid is profoimdly modified by (o) its association with 
tauxme and glycme, and (h) the presence of mucm m the bde 

(3) The optimum reaction of bde as a pancreatic stimulant vanes 
with the state of digestion of the ammal In a fastmg cat the optimum 
reaction is 7 8, m a cat in which gastnc digestion is actively pro- 

ceedmg the optimum reaction is 6 5 

(4) Paralysis of the vagus by the mtravenous mjection of atropne 
or paralysis of the motor side of the sympathetic system by the intea- 
venous mjection of ergotamme does not dimmish the capacity o i 
to act as an alimentary stimulus for the secretion of pancreatic juice 

(5) The duration of pancreatic secretion after the injection ° 
quantity of bde mto the duodenum is determmed mainly by the i - 

tnbution of secretm m the mtestmal mucosa 

(6) The immediate stimulus for the secretion of pancreatic jmee 

secretm Secretm contamed m the cells of 

carried mto the portal blood associated with the bde salts conta 

the flmd absorbed from the mtestme , 

(7) The f.e« oSer an adequate bas„ for the apprecatoo of the 

severe digestive disturbances which occur in catarrhal jnuudic 
n. erpeav. .1 tic vA OV • a~n, ten. the 

Ctomnuttee of the Boyal Societj 
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THE SPLEEN AND THE RESISTANCE OF 
RED CELLS By D ORAHOVATS' 

{From the Physiological Laboratory, Cambridge ) 

Barcbopt and others (i) showed that the spleen may be regarded as 
a reservoir for blood which is emptied mto the general circulation m 
cases when the body requires more heemoglobm, this reservoir is filled 
agam with blood when such a need ceases to exist The only source from 
which the spleen may refill itself is the blood of the general circulation 
which IS supphed to it A part only of the passing blood is detamed and 
this part may have been selected by the spleen out of the blood of the 
general circulation, or it may have been detamed without any selective 
choice If it IS selected it must differ m some way from the blood of the 
body The spleen has some influence upon the red cells, R M Pearce 
with Krumbhaar and Frazier(2) have shown for instance that the 
resistance of the red ceUs of the blood from the general circulation to 
hypotomc salt solutions is greatly mcreased after splenectomy 

The expenments descnbed below were performed to mvestigate the 
resistance of the red cells of the spleen pulp itself compared to the 
resistance of the red cells of the body with the aim of obtaimng data 
about the quahty of the red cells detamed by the spleen and to repeat 
the experiments of Pearce The resistance of the red cells of the spleen 
pulp was compared with the resistance of the red cells of the body (1) to 
hypotomc salt solutions, (2) to saponm solutions At the same time 
the resistance curves for both kmds of blood, as shown by Brinkman, 
were determmed and compared Eight expenments were performed in 
each case Blood of the general circulation was taken by puncturing a 
given vessel Blood from the spleen was obtamed by makmg a cut of 
4 to 6 TTiTTi on the surface of the spleen a few millimetres deep The blood 
obtamed m this way was blood contamed m the spleen pulp It may be 
mixed to a certam extent with blood which, at the moment of takmg, 
was passmg through the spleen, but it was thought that, if a difference 
should be found between this blood and the blood of the body, the known 
error would not disturb the conclusions because it would mean that 
the differences between the possible pure blood of the spleen pulp and 
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the blood of the body voTild be still bigger It vras considered better not 
to change the normal cir cnlation throngh the spleen by hgating the artery 
or the veins Blood of the splenic vem was not nsed , many workers have 
mvestigated the properties of the blood from this vein and have found 
extremely variable results The blood of the splemc vem is the con- 
centrated expression of every change m the volume of the whole spleen. 
Knowing how easily the spleen takes up and squeezes out blood, it is 
obvious that difierences will easdy occur m the qnahbes of the blood of 
samples subsequently taken from the splemc vein. 

To test the resistance of a sample of blood to a given concentration of 
salt or saponm solution, the number of cells was stated which remamed 
mtact at the certam concentration of the hiemohtic agent, but not the 
amount of hsemoglobm which has left the cells and has gone mto the di- 
lutmg dmd, as it is usually done A modification of the method ofLieber- 
mann(8) was used The blood sample was taken with the usual pipettes 
for counting red cells The blood was diluted to the mark 101 with a salt 
solution of a given concentration instead of diluting it with a normal 
salt solution. As hypotomc salt solutions, sodium chlonde solutions were 
used and the set of different concentrations was prepared by the drop 
method of Hamburger TVith eight pipettes, eight samples of blood 
were taken simultaneously and every one of them was diluted with one 
of a set of salt solutions, these latter differing from each other m con- 
centration by 0 04 p c , the solution of lowest concentration causes a 
complete hsmolysis, the highest concentration is a normal solution which 
does not change the cells In this way there are eight equal samples of 
blood each diluted with equal quantities of salt solutions varying m 
concentration, these concentrations are decreasing m an arithmetic 
progression. The pipettes were shaken well and left for 20 mmutes, then 
shaken agam and the cells m each were counted with the Buerker 
chamber by the usual method for red cells The percentage of haemolysis 
was calculated, usmg as basis the normal number of cells It was first 
found that the process of hemolysis is completed dunng this 20 mmutes 
and that no further changes m the number of red cells occurred either 
when m the pipettes or when brought mto the countmg chambers Many 
prehmmary experiments demonstrated this The number of red cells 
resistant after 20 mmutes to a certam hypotomc concentration of salt 
does not change m the chamber for hours Thi is not the case when 
sapomn solutions are used The saponm acts more slowly and to obtam 
a constant number of cells permanently resistant to a given concentra- 
tion of saponm one has to wait not less than 1 hour In aU experiments 
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with saponin the count was begun after 1 hour and 20 minutes The 
saponin solutions were made as descnbed by Eywosch(4) A sapomn 
standard solution of 1 100 of a normal salt solution was prepared and 
kept stenle In every experiment from this 1 100 sapomn solution 
eight further solutions of 0 01 c c to 1 3 c c to 10,000 of a normal salt 
solution were prepared with a difference of 0 2 between each of them The 
diluted saponin solutions should be used the same day 

There is no difficulty in the countmg of the cells which have remamed 
resistant to a certain solution The cells m the chamber vary shghtly 
m size, the bigger ones have taken up water and probably lost hsemo 
globm , the smaller ones have not been changed but the contours of all 
cells are intact and thus the countmg is not disturbed The cells remam 
as such until bursting, after which they disappear in the optically hetero- 
geneous mass of fluid which is not visible m the countmg chamber 
L E Bayliss(7), discussmg the work of Brinkman on reversible 
hsemolysis, has found that, with the mcrease of hypotomcity, the back- 
ground visible under the microscope is composed mostly of mdistmct 
cells and detritus He has used shdes made of ordmary glass, not 
chambers of uniform depth, and the red cells observed by him were 
taken from the paste of a centrifuged blood which was diluted mth a 
hypotomc salt solution equal m amoimt to the lost serum Thus in is 
preparation half of the mass visible under the microscope consisted of 
cells, whereas m the blood coimtmg chamber the proportion o ce s 
to the whole mass of flmd are m the ratio of 5 to 101 , hence the di erence 


m observations , i 

Results with hypotomc solutions The expenments were perlorme 

on cats urethane was used as an anaesthetic m all cases and c oro orni 
was given only at the start m a few expenments The urethane was 
miected subcutaneously 1 hour before the expenment in oses o 
of 25 p c solution per kilogram body weight In n 

ments it was ascertamed that the resistance of the re ce so 
does not change durmg the expenment under the 
anaesthetic or other possible factor In some ^ 

were taken flrst from the general circulation and then fro P 

and m other expenments the opposite order 

Br.nkm.Bm, .nv.»t.g.tmg the re3.Bt.noe cur.ee el 
Merent nmm.I. tented ...th b.I.nced solnt.ons eontn.n.ng • 
NaHCO HCl CaCL and CO,, obtained cun^es as shown in h g 
cenSdS m the om.ulateg Wood there .re 
groups of red cells with different resistances agamst gn en In p 
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solutions First a group irhich is most resistant and iviicli forms about 
10 p c of aU cells, then a group to xrbicli the greatest part of the red cells 
belong, about 80 p c , ivith a middle resistance, and a thmd group of 
cells of very httle resistance which are laked at a very low degree of 
hypotomcity He supposes the first group to consist of yoimg cells, the 
third of old, and the middle group of the average grown cells As is 
shown m Fig 1 h the resistance curve of the red cells from the general 
circulation obtained by us is very nearly the same as that of Brinkman 
The angles of the curve are not so sharp, but the three groups of cells are 
well distinguished from each other In speakmg of groups it must be 
understood that the term is an artificial one used for convemence, 
actually there is a complete graduation m Fig 1 from corpuscles which 
resist a salt solution of 0 64 (or 0 32) to those which resist 0 36 HaCl 
(or 0 18 balanced solution), but the vast majonty are laked by salt 
solutions of 0 52-0 48 In Fig 1 c this graduation is shown better, there 



rig laandt pjg 

Fig la and 6 Ordinates Percentage of corpuscles htemolyEed. 


AbKitsa; Concentration of golntions 

a , Brinkman, b x x x x , XaCL 

Tig 1 c Percentage concentrations of hsmolvsis added at each subsequent 
degree of hjpotonicitv 


the curve represents the amount of hsemolysis which is added at each 
subsequent degree of hypotomcity In aU experiments, when the red 
cells of the blood withdrawn from the general circulation are treated 
with salt solutions near the isotomc concentration, a certam number of 
cells are laked with each small decrease in concentration, with greater 
dilutions, bowel er, there is a considerable range withm which decrease 
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in the concentration does not markedly affect the number of cells which 
are laked, until a certam concentration is reached at which the majonty 
of cells disappear sharply and there remain a number of cells which 
resist for a long time further dilution m salt solution 

The curve m Fig 1 6 is an average curve of eight erpenments When 
this curve is compared with the curve obtamed from red cells of the 



Fig 2 a Concentration NnCl m p o. 

, Cells of general oiroulation. x x x x , Spleen palp cells 




Fir 3 Concentration NnCl in p c 

Cells of general circulation x x x x , Spleen pulp cells 

Fig 4 Concentration NnCl in p c 
^ Cells of gcncnl circulation, x x x x , Spleen pu p ce s 
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spleen pnlp teken at tke same time and treated mtli tke same 
salt solntions, a difierence m the bekavioiir of botb lands of cells is 
obvions Fig 2a represents tbe two avcacage cnrves of all experiments, 
Figs 3 and 4 show two smgle experiments witb tbe greatest and tbe 
smallest difierences There are two pomts m wbicb tbe curves difier from 
eacb other (1) tbe red cells of tbe spleen pnlp are less resistant to 
bypotomc salt solntions than tbe red cells of tbe general circnlation, and 
(2) tbe curve of tbe spleen blood shows a difierent shape Not all three 
clearly expressed parts m tbe resistance curve of tbe cells from tbe general 
curculation exist m tbe spleen blood curve Tbe most resistant group of 
cells IS tbe same m both curves, only less resistant m tbe spleen blood 
curve, but tbe two other groups of cells m tbe spleen blood curve cannot 
be distinguished from eacb other Tbe curve rises m a straight bne and 
tbe difierence m tbf resistance between tbe spleen blood and tbe blood 
of tbe body is tbe greatest m this part of tbe curve Tbe least resistant 
group m tbe curve of tbe general circulation either does not exist in tbe 
curve from tbe blood of tbe spleen pulp or it is laked at once 

In Fig 2 b tbe difierence m tbe resistance between tbe spleen blood 



H2, 2 fj Con'^tratioa KaCl in p c. 

SpI«Ti pnlp b'ooi , Blood from tli<» general circnlahon. 


and tbe blood of tbe bodv 1 = sbo^ m tbe same way as m Fig 1 c the 
carve shows tbe amount of haunolyEis added at eacb subseqnmt de-mee 
of hvpotomcity, it mav be seon that a greater number of cells of°tbe 
spleen blood pulp are lak^d at lower degrees of bypotomcitv than the 
number of cells of tbe bod- and that tbe bmmolysis begms at a higher 
salt concmtration Tbo difierences m tbe concentrabons of the salt 
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Solutions at corresponding percentages of haemolysis are given m 
Table I 

Table I 

Percentage of htomolysis 0 10 20 30 40 60 00 70 SO M 100 

Djfferencesm salt concentrations 04 09 09 07 06 0 3 06 04 04 05 Oo 

necessary to cause hfemolyais 
of same degree for both lands 
of blood 


The conclusion arrived at by comparison of both curves vould be 
that the spleen blood has not only a dimimshed resistance, but that the 
spleen pulp blood is of a different mixture of cells To avoid possible 
errors the resistance curves were determined in control experiments for 
the blood of the spleen pulp, the blood from a brachial artery and the 
brachial vem The curves obtained were the same as before and there 
was no difference between the curve for the blood of the artery and of 
the vem either m regard to the shape of the curve, or the degree of 
resistance In other controls blood was taken from muscles by making 
cuts m the latter, and compared with the blood from arteries and veins 
of the body, no difference m the resistance was found Only in the first 
expenment was there a non-typical result in so far as the spleen blood 
curve crossed the curve of the blood of the body, nevertheless both curves 
had the typical shape Another unexplamed result was obtained with 
the blood from the vena hepatica, an ear vessel and the spleen pulp 


The curve of the hver blood had — 

the same shape as the blood from 

the ear but was less resistant than 90 - 

the latter, lymg between the curve so- // 

of the blood from the ear and that -,q . j ! 

from the spleen pulp gp _ // 

Results imth saponin The re- j ; 

sistance of the red cells of the spleen j t 

pulp and the red cells of the general j ; 

circulatiorTV as then tested against ' // 

sapomn solutions The experiments 20 - / / j 

were performed in the way already io - J i 1 

described The results obtained q yr 1 — ' — ' — ^ 

may be seen in the average cuix e 

r 11 1. 1 ^ Win- r; Fir 6 Conccntrofions of wiponin floIiitionJ 

of all expenments shown in Fig o E ^ circulation 

The differences in the concentra- y y'x x, Spleen pulp cells 


tions of the saponm solutions at . , , r m„„,l nm 

corresponding percentages of haemolysis for both km s 0 
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given m Table II As is seen from these curves the red cells from 
the spleen pulp compared "with the red cells from the general circu- 
lation behave tovards a given sapomn solution m a way opposite 

Table H. 

Percentage o{ hsmolyms 0 10 20 30 40 50 60 70 80 90 ITO 

Difierences m saponin concen 09 11 12 12 11 10 OS 06 OS 10 16 

trations necessarv to cause 
hsemolysis of same degree for 
both lands of blood 

to that towards a hypotomc solution They are more resistant to 
sapomn solutions of given concentration than are the red cells from the 
general circulation The shape of the resistance curve of the body blood 
shows the same three groups of cells as the resistance curve to hypotomc 
salt solutions It is to be noted that the least resistant group appears 
smaller, and that the whole curve is steeper On the other hand, the 
curve of the spleen pulp cells against sapomn, instead of havmg three 
well-marked portions, has only two that which corresponds to the cor- 
puscles of lowest resistance, and which tends mthe blood curve to become 
tangential, is absent from the spleen 
curve The end pomts of both curves ’OO 
are nearer together and the difier- 90 
ences m the concentration neces- so 
sary to cause the same percentage 70 
of haemolysis are smaller In general 
both curves are less characteristic, 
but the mam result demonstrates 
the fact that to sapomn the red 
cells of the spleen pulp are more 
resistant than the cells from the 
general circulation In four ex- 
periments a number of samples of 
both kinds of blood were tested, 
and other samples taken at the g 

Mme tune were tested against . Celu of genLl eircukuon agam^t 

hypotomc salt solutions The aver- hypotomcity 

age of the curves obtamed are ’ general circulation agamst 

sapomn* 

shown m Fig G , Spleen pulp cells agamst hvpo 

R V w o s c h testing the resistance tomatv 

of the red cells of difierent ammals ^ ^ agamst sapomn 

to diBcrent hromolvtic agents observed the fact that there exists a certam 
antagomsm between the resistance to sapomn and the resistance to 
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Solutions at corresponding percentages of hseinolvsis are giyen in 
Table I 

Table I 

Poroenfage of haimolysis 0 10 20 30 40 60 GO 70 80 SO 100 

Differencesm salt concentrations 04 09 09 07 OG 06 05 04 04 05 05 

necessary to cause hsemolysis 
of same degree for both kmds 
of blood 


The conclusion arrived at by comparison of both curves would be 
that the spleen blood has not only a diminished resistance, but that the 
spleen pulp blood is of a different mixture of cells To avoid possible 
errors the resistance curves were determined in control expenments for 
the blood of the spleen pulp, the blood from a brachial artery and the 
brachial vem The curves obtained were the same as before and there 
was no difference between the curve for the blood of the artery and of 
the vem either in regard to the shape of the curve, or the degree of 
resistance In other controls blood was taken from muscles by making 
cuts m the latter, and compared with the blood from arteries and veins 
of the body , no difference m the resistance was found Only m the first 
experiment was there a non-typical result in so far as the spleen blood 
curve crossed the curve of the blood of the body, nevertheless both curves 
had the typical shape Another unexplamed result was obtamed with 
the blood from the vena hepatica, an ear vessel and the spleen pulp 


The curve of the hver blood had 
the same shape as the blood from 
the ear but was less resistant than 
the latter, lying between the curve 
of the blood from the ear and that 
from the spleen pulp 

Results tmtli saponin The re- 
sistance of the red cells of the spleen 
pulp and the red cells of the general 
circulation was then tested against 
saponm solutions The expenments 
were performed m the way already 
described The results obtained 
may be seen in the average cur^e 
of all expenments shown in Tig 5 
The differences m the concentra- 



Fig 6 Concentrations of roponin solutions 

, CcJfs of fetncrnl circuMdon. 

X y X X , Spleen pulp cells. 


tions of the saponm solutions at . , , i arc 

corresponding percentages of hmmolysis for both s 
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giveu m Table H As is seen from these curves the red cells from 
the spleen pulp compared mth the red cells from the general circu- 
lation behave tovards a given sapomn solution m a vay opposite 

Tabtx n. 

0 10 20 30 40 50 

09 11 12 12 11 10 


60 

OS 


70 

06 


SO 

OS 


90 

10 


100 

16 


Percentage of hamolvsis 
Differences m saponin concen 
trations necessary to cause 
hffimolysis of same degree for 
both kmds of blood 

to that tovrards a hypotomc solution Thev are more resistant to 
sapomn solutions of given concentration than are the red cells from the 
general circulation The shape of the resistance curve of the body blood 
shows the same three groups of cells as the resistance curve to hypotomc 
salt solutions It is to be noted that the least resistant group appears 
smaller, and that the whole curve is steeper On the other hand, the 
curve of the spleen pulp cells against sapomn, instead of havmg three 
well-marked portions, has only two that which corresponds to the cor- 
puscles of lowest resistance, and which tends mthe blood curve to become 
tangential, is absent from the spleen 
curve Theendpomtsofbothcnrves 'OOt- 
aie neater together and the differ- 9o! 
ences m the concentration neces- 
sary to cause the same percentage 
of hsemolysis are smaller In general 
both curves are less characteristic, 
but the mam result demonstrates 
the fact that to sapomn the red 
cells of the spleen pulp are more 
resistant than the cells from the 
general circulation. In four ex- 
peruneuts a number of samples of 
both kinds of blood were tested, 
and other samples taken at the 
same tune were tested against 
hvpotomc salt solutions The aver- 
age of the curves obtamed are 
shown in Fig 6 

R} woschtestingtheresistance 
of the red cells of different animals 



01 1 3 5 7 9 1 1 

68 6d 60 56 52 48 44 40 36 
Fig 6 

, Cells of general circulahon aeainst 

hvpotomcitv 

Cells of general circulahon against 

sapomn. 

, Spleen pulp cells 
tonicity 


against hvpo 
Spleen pulp cells against saponin. 

to different hemolvtic agents observed the fact that there exists a certam 
antagomsm between the resistance to sapomn and the resistance to 
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hypotomc salt solutions If different animals are graded as regards the 
resistance of their red cells to saponm, the following order would be 
observed lamb, goat, ox, cat, grey mouse, pig, grey rat, dog, white 
rat, rabbit and gumea-pig The resistance of their red ceUs against 
hypotomc salt solutions arranged them m the foUowmg order guinea 
pig, white rat, dog, grey rat, rabbit, pig, grey mouse, cat, ox, goat and 
lamb In other words ]ust the reverse of the former groupmg Port(5) 
pomted out that the order of animals as regards the phosphoric acid 
content of their cells, as given by Abderhalden(8), is similar to the 
order of resistance to saponm and the reverse of the order of resistance 
to hypotomc salt solution In other words, the higher the content of a 
cell of phosphoric acid, the more resistant it is to hypotomc salt solution, 
and the less resistant it is to saponm Apphed to the results of the present 
experiments, this conception would mean that the difference in the degree 
of resistance of the cells from the spleen pulp and from the general 
crrcuiation to hypotomc salt solutions on the one hand, and the reverse 
relationship of then resistance to saponm solutions on the other hand, 
could be explamed by differences m the salt content of the same kind of 
cells, especially by differences m their content of phosphonc acid The 
red cells of the spleen pulp would contam less phosphonc acid than the 
red cells from the general circulation And };he three groups of cells, 
seen m the curve of the resistance of the cells of the general circulation, 
would mean differences m the content of phosphonc acid among the 
cells of the general circulation Brinkman calls them young, old, and 
the middle group Judgmg from the present results the “old” cells, 
the least resistant, are the cells which are most changed by the spleen, 
because the part of the curve of the blood from the general circulation 
formed by them disappears m the curve of the spleen pulp cells, but there 
IS a further consideration bemg the least resistant to hypotomc salt 
solutions, they would seem to contam the smallest amount of phosphates 
of any of the cells of the blood of the general circulation, for they are 
the most resistant to saponm, and m the saponm curve for the cells of 
the general circulation they occupy the same position ns that of the young 
cells in the curve against hypotomc salt solutions But just this group 
seems to be the least changed m the spleen pulp red cells’ cun e, so that 
accordmg to the results of the present work there are but meagre data 
upon which to base more than the statement that the red cells which arc 
detained by the spleen are different from the red cells m the genera 
circulation m regard to then content of salts 

The question arose What is the cause of tins difference^ Is t ic 
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lesistancc of 4116 led. cells to typotoDic solutioiis reduced dunug tkeir 
residence m the spleen, or altematiTely, does the spleen sift from the 
blood the least resistant element? In the latter case the resistance of 
the red cells in the spleen pnlp 'wonld not alter with the length of tune 
they were there In the former case one might expect that the longer a 
cell remamed m the pnlp, the less resistant it would become 

The next experiments were therefore as follows The resistance of 
(1) the red cells of the general cuculation, and (2) the red cells which had 
remained some tune m the spleen pulp were compared with that of the 
red cells taken from the spleen pulp immediately after it had refilled itself 
with blood. In order to get blood which had }ust entered the spleen, the 
splenic nerves were uncovered as far as possible from the spleen, prepared 
and stimulated by an ordmary electrode "With a httle experience the 
nerves may be found and prepared m a few moments The stimulation 
causes a large and obvious contraction of the spleen, the spleen loses 
nearly half of its volume , the previously smooth surface becomes rough, 
granulated and hard, and the colour changes from bnght to dark red 
The contraction follows about half a minute after the stimulation 
Three to five mmutes after the stimulation has ceased the organ slowly 
refills itself, and the surface regains its smoothness and its former colour 
Red cells from the refilled spleen were taken 5 mmutes after the stimu- 
lation ceased To avoid damaging the spleen, and so mterfermg with its 
power of contraction, only three samples of each kmd of blood were 
taken These were tested against the same hvpotomc solutions and the 
results are shown m Table IH They show that the red cells which have 


Table HL 

Percentage hcemolvsis m blood from 


JCaCl concentration 
pc 
44 
52 
50 


General 

circulation 

91 

56 

0 


Spleen before 
contraction 

100 

91 

46 


Spleen pnlp 
after contracbon 
100 
92 
44 


pist been detamed by the spleen have the same resistance as the red cells 
which have been contamed m the spleen pulp before the contraction 
and are less resistant (to the same degree as the latter) than the red cells 
from the general circulation 

The above experiments do not exclude the possihihty that the 
resistance of the red cells is altered withm a few seconds of their arrival 
m the pulp and undergoes no further change This, however, seems to he 
a less hkely contmgency than that the less resistant cells are those which 
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are most easily caught either because they are less plastic or for some 
other reason 

lu conclusion, it may be worth recordmg that we have repeated and 
confirmed the observation of K M Pearce, Krumbhaar and Frazier 
which ongmaUy drew our attention to this subject 

The resistance of the red cells of the general circulation of four cats 
was determmed The next day the cats 
were splenectomised and the resistance 
of the red cells of the same vessels — 
ear — determmed at different mtervals 
The changes m the resistance are given 
m Fig 7 The resistance mcreases 
rapidly for a certam time and then 
comes back to the previous level The 
time of this recovery differs consider- 
ably m different animals The cats 
stood the operation well, the wounds 
heahng by primary mtention 

SuSIMABT 

1 The red cells contamed m the 
spleen pulp are less resistant to hypo- 
tome salt solutions than the red cells 
from the general circulation, and the 
former are more resistant to saponm solutions than the latter 

2 The first statement means that it is probable that the red cells 
detamed by the spleen have a different content of phosphoric acid than 
the red cells of the general circulation 

3 The red cells contamed m the spleen pulp immediately after the 
spleen has been emptied and refilled have also a different resistance to 
hypotomc salt solutions from the red cells of the general circulation 

4 The statement of R M Pearce that after splenectomy the resist 
ance of the red cells of the general circulation is increased for a certain 
time has been confirmed 

I am much mdebted to Prof Bancroft for the subject of this work, 
and his aid throughout the research 
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THE DETERMINATION OF THE HYDROGEN-ION 
CONCENTRATION OF THE BLOOD 

By L E BAYLISSi, PHYLLIS TOOKEY KERRIDGE= 
AND RUTH CONWAY YERNEY^ 

{Fiom the Department of Physiology and Biochemistry, 
University College, London ) 

A Intioduction The work reported m this paper had for its object a 
comparative study of three of the most valuable, methods of determining 
the Aydrogen-ion concentration of the blood, and arose from the develop- 
ment of the glass electrode techmque (Brown(i), Kerridge(2)), whicb, 
from the pomt of view both of its accuracy and of its convenience m 
use, seemed an appropriate standard with which the Dale-Evans 
colorimetric method rmght be compared, particularly smce a certain 
amount of controversy has arisen as to the accuracy of this last method 
(for hterature see Lepper and Martin(3)) For the sake of completeness, 
and m order to check any such consistent errors as might anse, (i) from 
loss of COj, or (u) from the depolarisation of the hydrogen electrode 
through reduction of CO 2 by the platmum black, the use of this electrode 
also was mcluded m the comparison The results given thus sen^e to 
deter min e both systematic differences (if any such exist) between the 
three methods, and also their mdividual mstrumental and observational 
errors, they are an amplification of results already pubhshed by tiro 
of us (4) 

B Technique (1) Hydrogen electrode The chief difiSculty m making 
accurate measurements on blood with the hydrogen electrode is the 
necessity of complete ehmmation of oxygen, and m this senes of ex- 
periments the blood was always carboxylated by prehmmary saturation 
with a hydrogen-carbon monoxide mixture In this way the blood was 
very easily and completely saturated with hydrogen in the electrode 
vessel, the measurements with the glass electrode and with the colon- 
metric method were not upset by drifts due to a slow absorption of 
oxygen, and the readmgs with the hydrogen electrode were not rendered 
inaccurate by a somewhat doubtful correction for the change m reaction 
with oxygenation 

’ George Henry Lewes Student. 
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The Batnralion "^"h ijarogai and CO» "^^as carnf'd out in a 
■tAi>n:ii=tei fined -sdiii a platnnced platmtun electrode -svfiicli dipped into 
the "blond trien it tvas stood npnnlit tlie tenaons of CO, ttere raned 
TM — n THTn 1 rut Tnm The "blood rras put into connnii m cation ttiih 

a samrat^d SCI calomel hali-cell through the tap of the tonometer by 
metne of a saturated SCI biidue the calomel cell teas standardised at 
ttja ‘ha 'nTrn^ CT mid OX evert' senes of experiments a^amst the potential 
cithe hydrogen electrode m M, 20 potasnum hvdrogen phthalate taldng 
the values ^ven hv ClarhP) as correct dirms'on potentials being con- 
sdered ehnfinated bv the saturated SCI bndee. The observed potentials 
■vere corrected to 1 atmosnhere of drv bydrocem In all cases the readings 
oven are the means of four the tonometer bemg dismounted and shaken 
bHtreen each pan as a role all four asreed to ttithm 1 millivolt, but once 
or ivdee the notentnal sho'ved a dnft upwards and readings rrere not 
taken until a steadv state had been reached if there vras any sign of 
a dnfr dourtuards. the -preparation "vras discarded. y 

In those experiments m "vSeh the hydrogen electrode "vas not used 
the carboxyStion and the saturation rmh CO, uere dispensed tatS and 
the pH vuned by addmon of aad or alkali to the blood. 

(2) Class eiccfroj-e. The techmque of this method is descinbed else- 
■uhereff) A s rp nphfied and portable outfit has been CDnstmcted. usmg a 
IcademEnii elecrrometei and a microscope, a detailed description ttill 
appear shortly (?i. The electrode teas standardised dally axanast fil 20 
potasaum hydrogen phthalate (Claxk<5i) The samples of blood -uere 
ouickh run, from the tonometer m 'vhich thev trere equilibrated- mto 
the hulb of the electrode, and immediaTely covered mth liquid paramu. 
Three readmgs "vere taken on each sample oi blood. 

(0) Co^onmetnc irieilioL As m pre-nous comparisDns(t) the method 
used -vras suhstaunallv -that described bv Dale and Lovatt EvansiS; 
uith a feu addrtioiLal precauaons. The dialvsing membranes uere im- 
mersed m ueak alkali as uell as m 50 p c alcohol aiiex testmu for leaks 
■mth blood, bv this means more of the stammg maxter m the collodion 
seemed to disappear and this caused a marked improvement m -per- 
meabchty fl avlor a)) Permeability tests uere earned out before everr 
'tialyas. ^ce the blood uas m some cases taken from tunometers, it 
mas fonud convenient (lor avoiding loss of CO^) to run k mio the mem- 
branes beneath a layer of paraSn. Control readings uere taken to 
usceriain uhetier the paraSn uould alter the readmgs bv dogeniH the 
membranes, but no diuerence could be observed. 

bn vieu of the figures published by Lepper and MartinP) ue have 


ITTt. 





THE DETERMINATION OF THE HYDROGEN-ION 
CONCENTRATION OF THE BLOOD 

By L E BATLISSi, PHYLLIS TOOKET KERRIDGE- 
AND RUTH CONWAY VERNEY^ 


{Fi om the Department of Physiology and Biochemistry, 
University College, London ) 

A Inti oduction The work reported m this paper had for its object n 
comparative study of three of the most valuable methods of detemuiuiig 
the hydrogen-ion concentration of the blood, and arose from the develop- 
ment of the glass electrode techmque (Brown(i), Kerridge(2)), which, 
from the pomt of view both of its accuracy and of its convemence m 
use, seemed an appropnate standard with which the Dale-Evans 
colonmetnc method nught be compared, particularly smce a certain 
amount of controversy has arisen as to the accuracy of this last method 
(for literature see Lepper and Martin (3)) For the sake of completeness, 
and m order to check any such consistent errors as rmght arise, (i) from 
loss of CO 2 , or (u) from the depolarisation of the hydrogen electrode 
through reduction of CO 2 by the platmum black, the use of this electrode 
also was mcluded m the comparison The results given thus serve to 
determme both systematic differences (if any such exist) between the 
three methods, and also their mdividual mstrumental and observational 
errors, they are an amplification of results already pubhshed bj two 
of us (4) 

B Technique (1) Hydrogen electrode The chief difSculty m making 
accurate measurements on blood with the hydrogen electrode is t c 
necessity of complete ehmmation of oxygen, and m this senes 0 
penments the blood was always carboxylated by prehmmary saturation 
with a hydrogen-carbon monoxide mixture In this way the blood vas 
very easily and completely saturated with hydrogen m the electrode 
vessel, the measurements with the glass electrode and with the co on- 
metnc method were not upset by drifts due to a slow absorption ot 
oxygen, and the readmgs with the hydrogen electrode were not rend eu 
inaccurate by a somewhat doubtful correction for the change in reaction 
with oxygenation 

J George Henry Lewes Student * Working for the Uedical Rescnrcli 
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The final saturation with hydrogen and CO, was earned out m n 
tonometer fitted with a platinised platmum electrode which dipped into 
the blood when it was stood upnght, the tensions of CO^ were varied 
from 20 mm to 100 mm The blood was put into commumcation with 
a saturated KCl calomel half-cell through the tap of the tonometer by 
means of a saturated KCl bndge, the calomel cell nas standardised at 
the beginnmg and end of every senes of experiments against the potential 
of the hydrogen electrode in M/20 potassium hydrogen phthalate, tabng 
the values given by Clark(5) as correct, diffusion potentials bemg con- 
sidered eliminated by the saturated KCl bndge The observed potentials 
were corrected to 1 atmosphere of dry hydrogen In all cases the readmgs 
given are the means of four, the tonometer bemg dismounted and shaken 
between each pair , as a rule all four agreed to within 1 milhvolt, but once 
or twice the potential showed a dnft upwards and readmgs were not 
taken until a steady state had been reached, if there was any sign of 
a drift downwards, the preparation was discarded 

In those experiments m which the hydrogen electrode was not used, 
the carboxylation and the saturation with CO^ were dispensed with, and 
the pH varied by addition of acid or alkah to the blood 

(2) Glass decirode The techmque of this method is desenbed else- 
where ( 2 ) A simplified and portable outfit has been constructed, usmg a 
Lmdemann electrometer and a microscope, a detailed descnption will 
appear shortly (S) The electrode was standardised daily agamst M/20 
potassium hydrogen phthalate (Clark(5)) The samples of blood were 
pmckly run, from the tonometer m which they were equihbrated, mto 
the bulb of the electrode, and immediately covered with hqmd paraffin 
Three readmgs were taken on each sample of blood 

(3) Golonnietnc mdhod, As m previous comparisons (■») the method 
used was substantially that desenbed by Dale and Lovatt Evans (6) 
with a few additional precautions The dialysmg membranes were im- 
mersed m weak alkah as well as m 60 p c alcohol, after testmg for leaks 
with blood, by this means more of the stammg matter m the collodion 
seemed to disappear and this caused a marked improvement m per- 
meabihty (Taylord)) Permeabihty tests were earned out before every 
dialysis Smee the blood was m some cases taken from tonometers it 
was found convement (for avoidmg loss of COj) to run it mto the mem- 
branes beneath a layer of paraffin Control readmgs were taken to 
ascertam whether the paraffin would alter the readmgs by cloggmg the 
membranes, but no difference could be observed 

In view of the figures published by Lepper and Martin(3), we have 
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assumed that withm the range of 'pH considered the salt error of the 
mdicator is withm the experimental error of the method, smce the salt 
content of the buffer was approximately that of the blood The sodium 
phosphate and caustic soda buffer mixtures were ilf/15 of pH 6 6, 7 5 
and 10 5 respectively, were standardised by the glass electrode and the 
hydrogen electrode and were renewed every three weeks 

As a result of the experiments reported by Shaxby and J ones (8), in 
which they found that the colour of the mdicator — and hence the 
apparent hydrogen-ion concentration — vaned with its concentration even 
when the depth of the solution was vaned mversely, so as to keep the 
mtensity of the hght transmitted constant, we thought it advisable to 
control our observations m this respect ExpenmentaUy, we have been 
able to confirm Shaxby and Jones quantitatively, m that there is a 
significant dilution error m the case of neutral red , m the case, however, 
of brom-phenol, hrom-thymol blue, phenol red and thymol blue no change 
of colour on dilution coidd be observed, we were unable to agree as to 
the effect on cresol red Theoretically, it is easy to show that if the colour 
observed depends only on the degree of ionisation of the mdicator, it 
must, of necessity, be mdependent of the dilution, provided that the Law 
of Mass Action is obeyed To account for the observed effect mth neutra 
red, we suggest that the tautomenc change of the undissociated mdicator 
(which gives nse to the change m colour) takes place with a change in 
molecular weight, m which case the colour would not depend solely on 
the degree of ionisation of one of the tautomers, as it does normaUy, 
but also on the total concentration of the mdicator We did not use 


neutral red m any of our deternunations 1 1 1 nd 

In most cases four determinations were made on each sample of b o , 
and m a senes of 96 observations the probable error of a smgle deter- 
mmation was 0 023 pH, while the probable error of the mean of a gro p 
of four was 0 0115 In a senes of 45 tests with three "^^^dings ^ o 
each sample, the probable error of the mean of a group ^ ° 
recommend, however, that in all cases at least four deter^a >o 
should be made, if reasonable consistency be desired 
dialysates has not infrequently to be rejected, through leakage or 


C Results and conclusions Our expenments do not ^ve 

dication that there is any systematic difference ^ thods 

thehydrogen-ionconcentrationofblooddeteri^edbyanyoft^^^^^ 

used This can be seen from Figs 1, 2 and 3 , 

between the pH of each sample of blood determined by the ) g 
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electrode and bj" tbe glass electrode is plotted against tbe mean pH, 
and m Figs 2 and 3 are plotted tbe same values for tbe hydrogen 
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errors and no systematic drfierences, all the pomts ivould he on the axis 
of abscissas, the fact that they are grouped fairly unifonnly on both 
sides of it shows that if there are any systematic differences, they are 
withm the limits of experimental error 

If we take the average difference between the readmgs by any two 
of the methods as a measure of the systematic difference between them, 
we get 

pH (hydrogen electrode) — pH (glass electrode) = — 0 011 
pH (hydrogen electrode) — pH (colonmetnc) = + 0 008 
pH (colonmetnc) — pH (glass electrode) = — 0 009 

Now the probable errors of the detennmations by the three methods 


are 


Hydrogen electrode 
Glass electrode 
Colonmetnc 


0 003 
0 008 
0 011 


expressed as the probable error of the mean of 4, 3 and 4 readings 
respectively, smce these were the number of readmgs taken on eac 
sample of blood The probable errors were calculated from the formula 

here d denotes the deviation of any particular 


8543 


Xd 


1 


readmg from the mean of the readmgs on that particular samp e o 
blood, n the total number of observations on aU the samples of oo 
and m the number of observations on any one sample 

The average difference between the determmations by a’lJ 
methods is never greater than the sum of the probable errors o 
determmations by those methods and only m one case is it equal to i 
In this case (that of the hydrogen electrode and the glass electro ej 
a difference of the same order of magmtude and of the same sign co 
be accounted for by a difference m temperature which escaped conecti , 
smce neither outfit was m a thermostat and the temperature of saturat 
was often a few degrees less than that of the room m w c , 

mmations were made Smce the volume of fimd m the glass eledrode 
was much less than that m the hydrogen electode. it 
more qmckly and this would lead to an enor if the 
made too soon after the saturation The difference is too small, hou 

for It to be at aU probable that it is real apfinitely worse 

As far as accuracy goes, the colonmetnc method is definit y 

than either of the electrometnc methods, which at 

unon to mve about the same accuracy, takmg into accou 

pLibihtfof gettmg nd of occasional hydrogen electrode measur 
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whicli liave to bo rejected on account of errors of unknown origin The 
figure for the probable error of the determinations by the hydrogen 
electrode gives, perhaps, a somewhat false idea of its accuracy, smce it 
occasionally happened that, although the mdividual observations by 
it were closely grouped about a mean, that mean was obviously well 
removed from the true \ alue, as mdicated by the other methods and the 
known conditions under which the particular blood sample was pre- 
pared Although these were rejected, the suspicion remains that there 
may have been cases m which an error ansmg from the same or a similar 
cause, may have been too small to have been obvious though sigmficant , 
m such cases, the error would be put down to the other methods 

Techmcally, the glass electrode is by far the easiest to operate, once 
the apparatus has been set up and adjusted, adnuttedly the colonmetnc 
method would appear to be the simplest, but it is our experience that 
extraordmary cate must be exercised m the preparation of the matenals 
and m the general conduct of the detennmations if the results are to 
have any reasonable accuracy As for the hydrogen electrode, it is, m 
our opinion, to be regarded solely as the fundamental standard, and 
should be used only when the conditions can be made nearlv ideal and 
after considerable experience On all counts we have no hesitation m 
recommending the glass electrode as the only really satisfactory method 
for the determmation of the hydrogen-ion concentration of the blood 

SUJDIAST 

1 There are no systematic differences between the detemnnations 
of the hydrogen-ion concentration of the blood by (a) the hydrogen 
electrode, (6) the glass electrode, and (c) the Dale-Evans colonmetnc 
method 

2 The accuracies of these three methods have been determmed by 
means of a large number of comparative observations, the probable 
error of the mean readmg on a given sample is (a) for the hydrogen 
electrode 0 003 pH (mean of 4), (6) for the glass electrode 0 008 pH 
(mean of 3), and (c) for the colonmetnc method 0 011 pH (mean of 4) 

We are mdebted to Dr Shaxby and Miss Jones for information on 
their observations of the dilution error, and to Prof A Y Hill for his 
mterest, cnticism and advice 
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ON THE OUTPUT OF HAEMOGLOBIN AND BLOOD 
BY THE SPLEEN By E W H CEUICKSHAEK. 

(From the Physiological Laboratory, Cambridge ) 

Baeceoft’ s(i) expenments ou ttie protective effect of tlie spleen 
suggest tliat the spleen, contracting in response to stimuli reaching it 
from the central nervous system by Tcay of the splanchnic nerves, fur- 
nishes the body 'vnth an mcrease m red blood cells It seemed, therefore, 
of value to determme the hsemoglobm content of the blood expelled 
from the spleen durmg contraction and to secure by direct methods 
further data upon the blood content of the spleen 

Methods The aim was to measure the contraction of the spleen, to 
collect the blood from the spleen and to estimate its rate of flovr durmg 
contraction, to determme the hsemoglobm percentage of the blood, and 
to relate this to the curve of contraction 

In a fev preliminary experiments a plethysmograph was used m 
order to secure records of the change m volume of the spleen, but it was 
soon found that the mampulation necessary to place the spleen m a 
plethysmograph, however gently it may be handled, rendered the results 
valueless, any exposure of the spleen, far more any handling of it, placed 
it immediately in a condition which could not be regarded as stnctly 
comparable with the normal resting condition of the organ m the un- 
opened abdomen Anyone who has a surgical experience of the spleen 
knows how sensitive it is to environmental changes To free it from its 
omental anchorage by tymg any of its numerous vessels, to expose it, 
even, is to stimulate it The plethysmograph was discarded, and m the 
expenments here recorded the spleen was not exposed at aU The animal 
was kept warm by means of an electric table, the anaesthetic used was 
chloralose, 0 1 grm per kdo for a dog, 0 07 grm per kilo for a cat AU 
the expenments, the results of which are detailed m this paper, were 
performed on cats 

Operation The animal, dog or cat, is placed on its right side and a 
longitudmal mcision about 10 cm long and about 6 or 7 cm from the 
mid-dorsal hue is made, commencmg over the costal margm When the 
pentoneum has been cut the nb margin is retracted and a chp placed on 
the stomach at the postenor edge of the gastro-splemc omentum. Another 



456 


EWE CRUICKSHANE 


clip 18 placed on the mesenterj’ above the region of the superior mesen 
tenc vein, the latter chp secures the mesentery to the abdominal wall, 
and thus when traction is made upon these two chps an excellent view 
of the area for dissection of the splemc artery and vem and the nght 
splanohmc nerve is obtamed Should the dorsal end of the spleen tend 
to curl forwards mto view, a third small chp is used to secure the mesentery 
to the abdommal wall, and thus the spleen can be kept absolutely under 
cover throughout the whole experiment, in fact it need never be seen 
at all 

To obtam a curve of the contraction of the spleen without a plethys 
mograph the rate of expulsion of blood from the spleen during its 
contraction must be determmed when the circulation is stopped, and 
here one must remember that the spleen is partly supphed by blood 
through the nght gastro-epiploic artery By means of blunt dissection 
the coehac axis and the junction of the splemc, mesentenc {usually two), 
and portal vems are cleared (see Fig 1) A cannula is placed in the 
supenor mesentenc vein 

L Gastro-Bpiploic a 



'PorM vem 

Fig I Dmgroramatio representation of the splenic and other ^-esscls 
erposed in the dissection described in tlio tett 

A 5 or 10 c c microburette, which has been washed out with saUirated 
potassium oxalate and dried in a current of warm nir, is attochc 
upper end to the venous cannula, a shielded electrode is placed on 
splemc artery, chps are placed m qmck succession on the 
and cffihac axis^ and blood allowed free access to the burette The n 
t This ensures that no collateral circulation u-iU take place bv waj oI the pastro 
opiploic branch of tto hepatic arterv 
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on tte splenic artery are no-vr stimulated ivith. a n'eak induction current 
and tlie rate of expulsion of blood timed on a moving drum vnth. a Jaquet 
clock marking fifths of a second 

I The HiSlIOGLOBEX CONTEXT OF SPLENIC BLOOD 
Three methods nere open for the estimation of hsemoglobm, the 
hsemoglobinometer, the colorimeter and the determination of the oxygen 
capacity of the blood To find nhich method vronld give the most con- 
sistent results, several comparative estimations irere made on cats blood 
of varjung hEemoglobm strength Taking the readmg for normal arterial 
blood determmed by the Duboscq colorimeter as 100, the average of 
the results obtamed is as follows 



Haldane 

Dubo'cq 

Bareroft 


hfcmoglobmometer 

colorimeter 

manometer 

Artcnal blood carotid 

98 2 

100 0 

100 0 

Venous blood, spleen, res tme 
Venona blood, spleen with 

98 2 

100 0 

97 0 

splanchmc stimnlation 

112 8 

110 4 

117 8 

Difference 14 C 

10 4 

17 S 


In usmg the colorimetric method 1 c c of blood measured from the 
imcroburette was added to 1000 c c of distilled water Smce the colon- 
metnc method agreed well with the other two and was least Uable to 
experimental error, it was used throughout The hsemoglobm percentage 
vanes markedly m difierent animals, and for the sake of facdity m readmg 
aU hEemoglobm percentages have been given m terms of the normal 
standard of 100 

This first senes of experiments, both on cats and dogs, was earned 
out primarily to determme to what extent the spleen may act as a 
reservoir for hsemoglobm, not only a reservoir for blood, and mcidentaUy 
thereby able to add to the hsemoglobm content of the body, but a 
reservoir m the sense that the blood stored m the spleen has a hsemo- 
globm content m excess of the normal. It was argued that if the spleen 
he a reservoir for hsemoglobm, then it should be possible to show an 
mcrease m the hsemoglobm content of the blood expelled from the spleen 
durmg contraction In the first four expenments upon cats the splemc 
artery was not clamped, the normal rate of flow was first detemuned 
and then the rate of flow durmg and after stimulation of the branches 
of the left splanchmc nerve lymg upon the splemc artery The blood was 
collected m the microburette, the rate of flow for each successive c c 
hemg recorded by a signal, it was then run mto distilled water con- 
tamed m a senes of six one-htre graduated flasks, 1 c c hemg placed 
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m each flask, and the hsemoglobm percentage determined colorimetncally 
From Table I, which gives the details per o c of three expenments, it 

Table L Showing relation of the percentage hfsmoglobm content of the Bplenio blood 
(carotid blood = 100 p c ) upon contraction of the spleen, to changes m the ontput 
of blood, 

Exp 1 Exp 2 


(o) Before stimulation 


(b) Dunng stimulation 
of splanehmc 
nerves 


DUS 

Hb p c 

Output 
in 0 c 
per mm 

Hb p c 

Output 
in c p 
per mm 

' lat n c 

106 9 

16 0 

18 0 

102 0 

16 0 
22 0 

2ncl „ 

1130 

24 1 

116 0 

340 

3rd „ 

136 7 

21 0 

134 0 

36 0 

4th , 

114 7 

19 6 

1170 

32 0 

5th , 

93 0 

10 0 

100 8 

20 6 

flth „ 

— 

— 

103 5 

21 6 

7th , 

— 

— 

— 

— 

Lsth „ 

— 

— 

— 

— 


Hb p c 


Exp 3 
Ontput 
in c c 
per min 
18 0 


107 0 
114 0 
128 0 
1310 
124 0 

108 0 
00 0 


211 
37 5 
39 7 
30 0 
27 0 
22 0 
ICO 
00 


Will be seen that the rate of blood flow through the spleen increases 
rapidly upon stimulation of the splanchnic branches surroundmg t e 
splenic artery This mcrease is maximal between the second and fourth 
c c , after which it steadily dechnes, and when vaso-constriction is 
maximal the rate of flow becomes markedly less than the norma 
Accordmg to B arcrof t’s work the withdrawal of 10 c c of blood causes 
little or no alteration in the volume of blood m the general circulatton 
despite the fact that this amount constitutes a fairly large oss o 
for a cat of 2-3 kilos In Exp 3 it will be seen that at J 

the blood velocity is reduced to one-third of the normal en 

spleen is to expel its stored hemoglobin one would expect it 
long before its blood supply had become restncted, m fact one uou 
expect that the period of mcreased output, aided by 'f J 
spleen, would show the greatest increase m hemoglobin A g 
Table I and Fig 2 shows such a surmise to be ^ 

that the greatest output of hemoglobin takes place with the thi 

In order to form a conception of the extent and period 

of the spleen, one must determine the rate of expulsion dunng a^P 
in which no blood is allowed to enter the organ from the ci 
measure the rate of flow the portal vem and cmhac 
nearly as possible at the same moment, the splanchnic n 
and the blood collected as pre^^ously descnbed Here 
expenments, the relation of blood flow, or, as m this case, h^ 
contraction of the spleen to the haemoglobin output is 
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eloljm concentration increases ^ntli tke contraction of the organ, being 
loaximal appiosimately at the penod of masunal contraction, this is 



Rg 2, Lower carve, percentage hffimoglobm in anccesave c.c ontpnt from the spleen on 
splanchnic stminlation, for companson with npper curve showing simultaneous 
mcrease m rate of hlood flow Average of results in Table L 


shown in Table II and Fig 3 Here again the greatest concentration of 
hsemoglobm is associated with the third and fourth c c of blood andsbows 
an increase which may amount to 40 p c (Exp 1, Table II) 

Many comparative estimations have been made on the number of 
red blood cells m the splemc artery and vem Several workers have found 
a dimmution of red cells m the venous blood of the spleen, others an 
mcrease Eaton, Gulland and Eowlerp) came to the conclusion that 
there was no difference On compression of the spleen they stated that 
the number of the red cells was decreased, but the method used for 
expellmg blood from this organ was a very abnormal one From the 
results which we have obtamed one must conclude that the contraction 
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m eacli flask, and the hEemoglobm percentage determined colorunetncally 
From Table I, which gives the details per c c of three experiments, it 

Table I Showing relation of the percentage hiemoglobm content of the splenic blood 
(carotid blood = 100 pc ) upon contraction of the spleen, to changes in the output 
of blood. 

Exp 1 Exp 2 Exp 3 


Splenic blood venons 

Hh p c 

Oatput 
m c c 
per mm 

Hh p c 

Output 
m c c 
per ram 

Hh p c 

Output 
in C.C. 
perniui. 

(a) Before stimulation 




16 0 

— 

10 0 

— 

ISO 

1 

'1st 0 . 0 . 

106 9 

18 0 

102 0 
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will be seen that the rate of blood flow through the spleen increases 
rapidly upon stimulation of the splanchnic branches surroundmg the 
splemc artery This mcrease is maximal between the second and fourth 
0 c , after which it steadily declines, and when vaso constriction is 
maximal the rate of flow becomes markedly less than the normal 
According to Barcroft’s work the withdrawal of 10 c c of blood causes 
httle or no alteration in the volume of blood in the general circulation, 
despite the fact that this amount constitutes a faurly large loss of blood 
for a cat of 2-3 kilos In Exp 3 it will be seen that at the eighth c c 
the blood velocity is reduced to one-third of the normal If then the 
spleen is to expel its stored haemoglobin one would expect it to do so 
long before its blood supply had become restricted, in fact one would 
expect that the period of mcreased output, aided by contraction of t e 
spleen, would show the greatest increase m hffimoglobin A glance at 
Table I and Fig 2 shows such a surmise to be correct, and shows also 
that the greatest output of haemoglobin takes place with the third an 
fourth c c 

In order to form a conception of the extent and rate of contrac i 
of the spleen, one must determine the rate of expulsion during a 
111 which no blood is allowed to enter the organ from the circulation « 
measure the rate of flow the portal xem and ccehac axis are clampc as 
nearly as possible at the same moment, the splanchnic nerx e stimu 
and the blood collected as prenously descnbed Here, as , 

experiments, the relation of blood flow, or, as m this case, the ra 
contraction of the spleen to the haemoglobm output is clear, tlic liff 
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glotia concentration increases mtli tlie contraction of the organ, being 
maximal approximately at the period of maximal contraction, this is 



Rg. 2, Lower curve percentage hfemoglobm m succesave c-c. output from the Bpleen on 
splanchnic atunulation, for comparison with upper curve showing sunnltaneous 
mcrease m r^te of blood flow Average of rosolta in Table L 

shown m Table II and Fig 3 Here again the greatest concentration of 
haamoglobm IS associated with the third and fonrthc c of blood andshows 
an mcrease which may amonnt to 40 p c (Exp 1, Table II) 

Many comparative estimations have been made on the nnmher of 
red blood cells in the splemc artery and vem Several workers have found 
a dimmntion of ted cells m the venons blood of the spleen, others an 
mcrease Paton, Gulland and FowletP) came to the conclusion that 
there was no difference On compression of the spleen they stated that 
the n^ber of the red cells was decreased, but tbe method used for 
expelling blood from tbis organ was a very abnormal one From tbe 
results wbicb we have obtained one must conclude that the contraction 
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of the spleen does produce an increase m the number of red blood cells, 
that IS, it mcreases the hsemoglobm percentage of the blood 


Table II Showing relation of the percentage hiemoglobm content of the splomo blood 
(carotid blood = 100 p c ) upon contraction of the spleen, to the rate of contraction, ns 
shown by the velocity of the blood expelled, during cessation of the circulation in the 
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n Thb spleev as a keservoir for blood 
De Boer and CarrollO), by the plethysmographic ^^thod shoj^ 
that in an ammal breathmg weak CO mixtures (0 92 p c ) the sp 



I 


E^MOGLOBm IN SPBEEN 161 

tracted 2 3 c c m 26 minutes, while with stronger CO mixtures (3 0 p c ) 
it contracted m volume to the same extent m approximately 3 minutes 
Barer oft has clearly shown that the contraction of the spleen m the 
body is of an order much greater than that shown by the plethysmograph 
The results of the experiments just quoted and those shown m Table III 

Table ItL Shomug tune contraction of the spleen and the output of blood upon stimulation 
of the splanohmo nerves accompanying the splemc artery 
Amount of blood ex 

peUedmcc. 1 2 3 4 5 6 7 8 0 10 11 12 13 

Exp 1 Time (secs) 23 36 49 67 97 120 170 217 290 — _ — _ 

Exp 2 Tune (secs ) 22 42 69 70 96 130 168 184 229 288 — — 408 

At Tune (secs.) 22 6 39 64 6 71 6 96 5 128 164 200 6 259 5 — — — — 

bear this out Two experiments were earned out m which, under very 
weak faiadic stimulation of the nerves accompanying the splemc artery, 
the spleen was allowed to contract until no more blood was expressed 
A. total of 9 5 c c and of 13 5 c c of blood was obtamed m cats weighmg 
3 and 3 2 kilos respectively The tune for the expulsion of blood per c c 
13 seen m Table III The average of these results up to the nmth c c is 
plotted as a curve of contraction m Fig 4 The curve m Fig 3, which 
represents graphically the rate of output of the blood with the splemc 
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artery clamped, indicates the rate of contraction m c c per minute 
Fig 4, however, mdicates much more clearly the nature of the change 
m volume It is rather striking that m both these cases (Table III) the 
first 5 c c should be expelled m 1 6 mmutes m the first case, 9 c c were 
expelled m 4 8 mmutes, while in the second, 9 c c required only 
3 8 mmutes In this latter case 13 6 c c of blood were forced from the 
spleen m 7 8 mmutes In these cases, as m the others quoted, the period 
of greatest activity, namely, durmg the second to fifth c c , is the period 
of greatest hsemoglobm output 

Discussion of results Smce the measurements of the rate of con 
traction are made on an organ which has been deprived of its oxygen 
supply for 6-7 mmutes, these experiments give no information as to the 
normal rate of contraction with the circulation mtact Further, from such 
curves as are here given, no one would conclude that the contraction of 
the spleen is necessarily a uniform movement m the reduction of its 
volume These results simply mdicate that upon splanchmc stimulation 
the spleen, m cats of 2-3 kdos, will dehver up an amount of blood varying 
from 7 to 13 5 c c In this last case the amount of blood produced by the 
spleen was exactly twice the post-mortem weight of the spleen m 
a fact which is of interest m view of Bar croft’s statement(i) that the 
post-mortem weight of the spleen may be taken as a minimum estima 
of the volume of blood it drives mto the circulation during strong 
exercises ” The mechanism of this function has not, however, been 
demonstrated It may be that the steady tome contraction may be a 
basal movement having superposed upon it rhythmic movemen 
contraction and dilatation, the former dommatmg the 
demonstrated normal rhythmic movements in the spleen an o 
and Mo ore (6) showed that m asphyxia these normal r yt mic 


ments are markedly mcreased i.„w>noIolnn 

As to the power of the apleen to act o. a reseiwoir of >‘““”5 • 

the present work would mdroafe that the hsmoglohm 
which undoubtedly takes place there, .s not of any 
hcance For example, if, as is possible under the 
experimentation, 8 c c of spleme Hood contained hmmoglob n p ten 
a^ of 105, 125, 140, 130, 120, 116, 110 and blood 

the amount of haimoglobm represented by these 8 c ■= P) 
when added to the cuculation would be eqmvalent to „ 

9 L c of normal blood A. an molated action *>“ '» 
possible contmuous rhythmical activity related to 
activities of the organism it may not be without some signifi 
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lu discussiTig tins action of tte spleen in concentiating hremoglobin 
ive are faced mtli the possibility that the organs rich in muscle tissue 
may concentrate hsemoglobm to a certam extent as a result of their 
activity, the loss of fluid takmg place in the capfllaries of the restmg 
organ, and being increased by the contraction of the musculature vrhich 
vrould force more flmd mto the tissue and lymph spaces We may ask 
therefore to vhat extent the slow blood flow in the non-functioning 
capdlanes and the subsequent contraction of a skeletal muscle would 
tend to concentrate the blood If it were found that any muscular organ 
concentrated blood to an extent comparable with the spleen, then the 
hffimolymphatic structure of the spleen could not be regarded as pecu- 
harly a reservoir of hsemoglobm The tongue offered not only a smtable 
muscular organ, but one with its motor and sympathetic nerve supply 
differentiated, it was therefore possible to determine the effect of muscle 
contraction uncomphcated by vaso-constnction Two experiments were 
earned out m which both lingual artenes and one vem were clamped, 
and the hypoglossal nerve stimulated with a weak mdnction current 
The results shown m Table IV were negative, mdicatmg that hsemoglobm 


Table IV Shomng relation ol the hjemoglobm content of the blood (carotid blood 
= 100 p c.) upon contraction of the tongue of the dog, to changes m the rate of output 
of blood upon stimulation of the hypoglossal nerre 
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concentration is not a consequence of muscle contraction, A sbght rise 
m hemoglobm percentage may be expected where, under pressure, fluid 
IS forced slowly from the blood mto tissue and lymph spaces 


SraniABY 

1 A method is desenbed for estimating, m cats, the blood and 
htemoglobm output of the spleen without exposure of the organ 

2 The flmd expeUed from the spleen pulp is often richer m h^mo- 

glohm than the blood of the general circulation The'merease of con 
centaation is maximal, m cats, with the third c c expeUed, amounW 
to from 20 to 40 p c of the normal ° 
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3 Corroboration is given to the fact that the spleen is a reservoir for 
blood 

4 The amount of blood which can be added to the general circulation 
by contraction of the spleen upon stimulation of the splanchmc nerves 
IS of the order of 2 6-6 6 p c of the total blood volume of the ammal, 
the amount so added may be equal to twice the post-mortem weight of 
the spleen m grams 

6 The rate of contraction of the spleen upon splanchmc stimulation 
IS shown to be maximal durmg the expulsion of the first 5 c c , which 
represents approximately one-half of the total amount expelled, and tabes 
about 1 5 mmutes It then decreases rapidly, maximal contraction being 
reached m 5-8 mmutes, depending upon the amount of blood expelled 

6 It has been shown that the capacity of actmg as a reservou for 
blood and of concentratmg hsemoglobm is a pecuhar property of the 
spleen not shared by other muscular organs, e g the tongue 

I should like here to express my indebtedness to Prof Barcroft 
for introducmg me to the work on the spleen, and to Prof A V Hill 
for aUowmg me facihties for carrymg out certam of these experiments 
in the Department of Physiology, Umversity College, London 
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THE IMPULSES PRODUCED BY SENSORY NERVE 
ENDINGS Part 3 Impulses set up by Touch and Pressure 

Bt E D ADEIAB' YXGYE ZOTTEEilA^i 

{From the Physiological Laboratory, Cambridge ) 

Part I of tiie present senes one of ns (13 described a metbod of recording 
nerve action currents by means of a capillary electrometer and a three- 
stage amplifier, together mth some prehmmary observations on the 
impulses set up m various types of sensory nerve fibres by stimulation 
of then end organs In Part ii(2) we gave a more detailed analysis of 
the sensory impulses produced by stretchmg a muscle, and we were able 
to show that m a single nerve fibre the impulses usually recurred m a 
regular senes with a frequency dependmg on the mtensrty of the stnnulus, 
that the impulses (or rather then action currents) were all of the same 
mtensity and that then frequency was low enough to leave the nerve 
fibre tune for complete recovery between one impulse and the next 
As these observations were made on the frog and were confined to one 
type of sensory endmg, we were anxious to extend them to mammals 
and to some other form of sensation 

The results given m Part i had shown that a cutaneous afierent nerve 
m the cat (the mtemal saphenous) usually exhibits a senes of action 
currents and that these mcrease m number when the skm is pncked or 
pmched There is, however, a considerable drawback to the use of such 
forms of stimulation, smce them mtensity is not readily measured, 
and to overcome this difficulty we decided to use moderate pressure 
as the stimulus m the present research. The end organs sensitive to 
pressure are not known with certamty, but they are generally supposed 
to he the touch corpuscles m the skm and the Pacmian and other types 
of corpuscle m the subcutaneous tissues Smce the latter occur erngly 
or m small groups m the mesenterv of the cat, we thought at first that 
the most smtable preparation would be a smgle Pacmian corpuscle from 
the mesentery with its nerve fibre isolated and connected to the electro- 
meter Unfortunatelv, we found that various techmcal difficulties stood 
m our way In the hvmg animal it is extremelv difficult to detect the 
» TraveHms FeUow of th» FockrfeBer Fomdatioii. 
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course of the nerve fibre which runs to a single corpuscle and the larger 
nerves usually run with blood-vessels and lymphatics m a band of adipose 
tissue Damage to the blood supply might senously mterfere with the 
functions of the corpuscle and we were rarely successful m producing 


a preparation m which we felt that both the corpuscle and the nerve 
could be regarded as normal In three preparations we were able to 
record undoubted action currents m the nerve, m two of these the nerve 
came from a group of corpuscles (three m one experiment and eight in 
the other), but an irregular series of action currents was present without 
any stimulation and we could not satisfy ourselves that steady pressure 
(2-6 grm ) on a small glass plate restmg on the corpuscles made any 
difference to the number of impulses The highest recorded frequency 
(with stimulation) was 96 per sec In the third experiment the nerve 
was derived from two corpuscles which were stimulated by touching 
with a glass rod just before the plate was exposed With stimulation 
the highest frequency (durmg a period of 16 sec ) was just 100 per sec 
and no impulses appeared m the absence of stimulation Although the 
diflaculties m the way of making a good preparation did not seem m 
superable, we felt that it would be wiser to leave the organs m t e 
mesentery and to mvestigate the effects of pressure m some region w ere 
organs sensitive to pressure are known to exist and where the sensory 


nerves are more easily dissected , 

Preparation The region ultimately chosen was the plantar surface ot 
the cat’s hmd foot The arrangement of the plantar nerves sho^ 
m Fig 1 (taken from Langley’s diagram, this Joum 57 p 434 19W), 
and It will be seen that the cushion of the 2nd digit is supplied by e 
slender medial branch of the mtemal plantar nerve It contains trom 
200-400 fibres and is easily dissected out for a length of 1 cm or mo 
without mterfermg with the blood supply Most of our o 
were made on tta nerve, though we have sometimes 
digital nerves In a Jew esperimenia we used oats aniesthc “ 
methane but the majority were made with the spmal animal 
under chloroform anesthesia and allowed to remam an bon 
Jot the eSeet of the aneathetie to wear off The resuK. 
narcosis do not difier appreciably from those with the „„ 

When the latter was used the hmd limbs were immo y 


■“The“anm..I lies on b.llj on an msula.ed -fJlZ 

walled box which acts as a shield from ypper- 

(see Part i) The left hmd foot is fixed with the plantar su P 
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most on a small platform vrlucli carries tlie electrodes These are of the 
Ag, AgCl, NaCl gelatm type and end m small camel-hair brushes curved 
at the tip so that the nerve can rest on them The nerve is cut just before 
its junction mth the mam trunk of the mtemal plantar nerve and placed 
on the electrodes mth its proximal end slung by a silk thread from an 


To Electrometer 


Internal 

Plantar 



External ^ 
Plantar 



Fig 1 Digital nerves to planter surface of cal b limd foot 



insulated support The nerve is constantly irrigated mth warm Rmger 
and the temperature of the foot is mamtamed by a small carbon lamp 
placed a few mches away The lamp is disconnected before an observa- 
tion IS made as it may be a source of artefacts m the amplifier circmt 
ilie stunulatmg apparatus consists of a glass rod G (Fig 2) endmg m 
a disc 1 1 cm in diameter which is pressed downwards against the 

31—2 
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cushion of the pad by a lever The lever is pivoted at its centre and 
the far end is attached to the hook of a spring balance S, the body of 
which can be pulled up through varying distances by the movement of 
the lever is connected to a third lever Z 3 which is moved down- 

wards at a uniform speed by a weight W actmg agamst the dashpot D 
The rate of movement can be varied by altermg the weight, the final 
value of the pull exerted on is varied by adjusting the length of the 
arms of A hght thread attached to operates a signal lever which 
moves across the slit of the cmematograph camera and records the 
increase of pressure on the film 

With this arrangement it is possible to apply a gradually mcreasmg 
or a steady pressure of any value from 25 to 1600 grm on the pad 
under the disc G, and to record the pressure simultaneously with the 
electric responses m the nerve 


Eesults 
(1) Touch 

The contact of the glass disc with the cushion of the toe wnll pre- 
sumably stimulate the receptors in the skm which are sensitive to touch 
and as the pressure increases the receptors in the subcutaneous tissues 
will be brought into action as well If there were a continued discharge 
of impulses from the receptors in the skin as long as the contact was 
mamtamed, it might be difficult to measure the added effect of an m- 
crease of pressure Fortunately, the organs concerned all show the 
phenomenon of adaptation m a high degree In some preparations w ith 
the medial branch of the internal plantar nervm there is a continuous 
discharge of impulses at a frequency of 20-30 per sec in the absence of 
any kmd of stimulation, such a discharge is often met with during tlie 
first few mmutes after the preparation has been set up, but it rarely 
persists at this rate for more than 5 mmutes, and in most preparations 
the “restmg” discharge is not greater than 5-10 per sec This discharge 
is not mcreased under the mere continued exercise of the light contact 
of the glass disc with the pad If, however, a record is made as the disc 
is lowered gently on to the pad a sudden outburst of impulses is seen 
at the moment of contact lasting for about 1/5 sec Fig 3 shows records 
of this land The disc was lowered gently at a speed of 1 cm per see } 
a lever controlled by an oil dashpot and the weight finally resting ^ 
pad was 6 grm In the lowest record the signal is moved by hand at 
what was judged to be the moment of actual contact For about l/lO -cc 




Tig 3 T ilm recorda {enl&iged) of impolsea due to “Touch.” Disc loTreied gently on to 
pad and allowed to remain there. In the naddle record the weight resting on the pad 
was 16 grm. In the others 6 gnn. Discharge lasts for 1 to 2 sec. at the moment of 
contact and then subsides 


for toncli become adapted so rapidly to tbe stimulus that it becomes 
almost mefEective m 1/5 sec "We cannot therefore assume that the 
impulses set up by moderate pressure are all derived from the subcu- 
taneous organs, for an mcrease m pressure might agam excite the organs 
in the skm, but, as vrill he seen later, the lov frequencies obtamed unth 
the pressure stimulus make it unlikely that more than a feiv end organs 
are excited 

(2) Pressure 

Nature of xm^ulses In all these experiments the preparation is said 
to he nnstimnlated vrhen the disc is restmg hghtly (iveight = 5 grm ) 
on the pad It is stimulated by releasmg the lever so that the sprmg 
balance is extended and the pressure on the pad mcreased. The rate of 
movement could be adjusted so that the full pressure vras reached m 
from { to 6 sec The full pressure vas generallv made equal to 100 grm 
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( 26 gnn per sq mm ), 260 grm and 500 grm and records were made 
as the pressure vras mcreasing and after it had reached its full value 
In every case the discharge of impulses reached its maximum fre- 
quency whilst the pressure was mcreasmg and then dechned rapidly 
although the pressure was mamtamed The actual frequencies of dis- 
charge varied over a wide range from one preparation to another but, 
fortunately for our purpose, the frequencies were usually low enough to 
allow the mdividual impulses to appear m the record The form of the 
electric responses as they appear m the electrometer record may be seen 



I^e 4. Plate records of impolscB due to pressure. Time marker gi>es 1/100 see penodi. 

Actual pressure about 350 grm 


A, S, C Exp 1 

A Slow inoreaee of pressure (100 gnn. jxir sec.) 

B Steady pressure of 600 grm for 6 see. 

C Steady pressure of 100 grm for 3 sec. 

D, E, F Exp 9 

D Slow increase of pressure (100 grnj. per sec ) 

E Steady pressure of 500 grm. for 6 sec. 

F At rest. Disc touclimg pad. 


Actual pressure about 450 grm 


from Fig 4 In £ and C (Exp 1) the responses are mostly mono- 
phasic, lu Z), £ and F (Exp 9) they are mostly diphasic As the nenc 
was irrigated with Einger between each record the magnitudes o c 
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lesponses aie not stnctly comparable but there is evidently no marked 
variation m size As m tbe case of the afferent impulses from tbe frog s 
muscle, we have found no indication that a change in the mtensity of 
the stimulus has any effect on the size of the impulses set up , the change 
IS expressed entirely by the altered frequency of the discharge This 
pomt IS shown more clearly m Exp 2 where pressures of 50, 100, 250 
and 500 grm were appbed for 5 seconds The frequencies correspondmg 
to these pressures are < 15, 57, 140 and 170 per sec , and an analysis of 
a small group of consecutive impulses from each record is given m 



unpulges does not vary with the stunnlns. 


Fig 5 Smce the impulses are not all derived from the same nerve fibre 
there is a certam amount of variation m size m each record, but the 
vamtion is substantially the same m all three records, and apart from 
the frequency it would be impossible to say which group of impulses is 
due to the strong stimulus and which to the weak We conclude, then, 
that the aH-or-nothmg relation between the stunulua and the impulse 
set up holds good for the mammalian pressure receptor ]ust as it does 
for the stretch receptors m the frog’s muscle 

Relation between strength of stimulus and frequency of discharge Owmg 
to the very rapid adaptation which occurs m the end organs, a comparison 
of the frequencies produced by different stimuh is only vahd if the 
pressure is allowed to act for the same time m each case Fig 6 gives 
the frequencies for various pressures apphed for 5 seconds m four expen- 
ments The form of the curve is much the same m each case though the 
frequency for a load of 500 grm varies from 50 per sec m Exp 6 to 
305 per sec m Exp 4 

The curves relating frequency to stimulus for a smgle end organ 
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would not necessarily have the same form, since the stronger stimuli 
may ring more end organs mto action It may seem remarkable that 



Fig 0 Relation between gtimulos and frequenoy of ducharge 
Pressure constant for 5 eeo. Every impulse counted. 

a load of 1000 grm does not produce a much greater mcrease m fre- 
quency, for it might be expected to evoke responses from the pain 
receptors as well as from those of pressure But considerable pressure 
may be applied to the cushion of a cat’s toe without causmg any signs 
of discomfort and the pad of the human toe is equally insensitive In one 
experiment where a load of 2 kilos was applied the curve showed a great 
rise m frequency between 600 grm and 2 kilos, and m one a sudden rise 
occurred between 300 and 500 grm In both experiments the sudden 
mcrease was presumably due to the stimulation of a fresh set of nerve 
endmgs 

Adaptation In the tension receptors of the frog’s muscle it was foimd 
that if the stimulus was mamtamed at a constant value, the frequency 
of discharge fell to half its maximal value m about 10 seconds In the 
pressure receptors of the cat’s toe the rate of adaptation is much more 
rapid This may be seen from the two cmematograph film records gn en 
m Fig 7 In one of these (Exp 4) the frequency of discharge is always 
high, and whilst the pressure is mcreasmg the different impulses overlap 
and produce larger excursions m the electrometer In the other (Exp I) 
the pressure mcreases more slowly, the frequency is always lower and 
there is very little overlappmg In both the frequency reaches its 
maximum almost as soon as the pressure has begun to increase, and it 












1 IHin records of r&ponse to mcreasmg presnue. 

jJ Exp 4. Rapid loading (500 gnn. m J sec.) Interference of unpnfses as loading 
begins. Freqnency has dropped before mamnum pressure is reached. Black line 
signals increase of pressure 

B Exp. 1 Slower n«e of pressure (500 gnn. m 5 sec.) Loading begins m first 
s«ction, midwav m second, manmal in third. Frequence greatest at the beginnini: 


y' Stimulus 


Seconds 

Re S. Fip 6. Frequence ■with diEerent rates of increase of p-essare 
Ererv impulse counted. 
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■would not necessarily lia've the same form, since the stronger stimuli 
may brmg more end organs mto action It may seem remarkable that 



Fig 0 Eelation between stunalua and frequency of discharge 
Presanre constant for 6 see Every impulse counted. 


a load of 1000 grm does not produce a much greater mctease in he 
quency, for it might be expected to evoke responses from the pam 
receptors as well as from those of pressure But considerable pressure 
may be apphed to the cushion of a cat’s toe without causmg any signs 
of discomfort and the pad of the human toe is equally msensitive In one 
experiment where a load of 2 kilos was applied the curve showed a great 
rise m frequency between 600 grm and 2 kilos, and in one a sudden rise 
occurred between 300 and 600 grm In both experiments the sudden 
mcrease was presumably due to the stimulation of a fresh set of nerve 
endmgs 

Adaptation In the tension receptors of the frog’s muscle it was foun 
that if the stimulus was mamtamed at a constant value, the frequency 
of discharge fell to half its maximal value m about 10 seconds In t e 
pressure receptors of the cat’s toe the rate of adaptation is much more 
rapid This may be seen from the two cmematograph film records given 
m Fig 7 In one of these (Exp 4) the frequency of discharge is a ways 
high, and whilst the pressure is mcreasmg the different impulses over ap 
and produce larger excursions m the electrometer In the other (Evp j 
the pressure mcreases more slowly, the frequency is always owcr a 
there is very little overlappmg In both the frequenc} reac ' 
maximum almost as soon as the pressure has begun to increase, 




Freqnonoy per affo 



Pig 7 Film records o£ response to morenaing presanre 

A Exp 4. Rapid loading (600 grm m J seo.) Interference of impulses as loading 
begins. Freqnenoy has dropped before manmnm pressure is reached Black Ime 
signals inorease of pressure 

B Exp 1 Slower nae of pressure (600 gnn m 6 sec ) Loading begins in first 
section, midway m second, maximal m third. Frequency greatest at the beginrung 



Fig B Exp 6 Frequency with difierent rates of morcase of pressure 
Every impala© coimtedL 
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has faUen considerably before the full loading is attained It follows that 
the maximum frequency will depend much more on the rate of loading 
than on its final value The curves m Fig 8 show an experiment m which 
the effect of altermg the rate of loading was well marked Fig 9 shows 
the effect of an mcrease m the final pressure m a preparation m which 
the adaptation was not so rapid In two other experiments, however, 
although the maximum frequency was reached before the maximum 



Pig 0 Exp 4 Preq^uenoy with difierent final pressures. Top of npper curve obscured by 
agnsl 

Fig 10 Exp 1 Frequency reaches same (maxixnalT) value for all stimuli 


pressure, it showed very little variation with changes in the rate of 
loadmg or m the final pressure Corves from these experiments lue 

given m Fig 10 (Exp 1) As soon as the pressure begins to mcrease, the 

frequency rises to a maximum which is much the same m every csm 
I t then falls off rapidly if the final pressure is small, more slowly if the 
pressure is large It is possible that our figures for the maxiniuni 
quency are at fault and that it is really higher with the more rapid loadmg 
The impulses are certainly difficult to count and there may c m 
ovetlappmg of impulses m some of the records We are inclmcd to thmk, 
however, that the true explanation is that the stimulus was 
m every case The end organs cannot discharge impulses at more tn 
a certam rate and this rate was already reached with the , 

of pressure This conclusion will be discussed m the section dealing 
the frequency of discharge from mdividual end organs 

Smee the rate of adaptation is rapid we might expect to n 
organs would return rapidly to the unadapted condition as soon 
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pressure is xemoTed, and vre sliould expect this too from a knowledge 
of the sensations we experience when the pad of the toe is pressed 
If the pressure is removed and apphed agam immediately, the sensation 
rises agam to somewhere near its initial mtensity In several experi- 
ments we have recorded the impulses from the cat’s pad when the 
pressure is released and renewed after a short mterval and there is no 
doubt that the state of adaptation does pass off very rapidly An 
experiment of this kmd is shown m Fig 11 (Exp 7) and it will be seen 
that when the pressure is renewed after an mterval of 2 seconds’ rest, 
the frequency rises very nearly to its initial maximum Fig 12 (Exp 4) 



rig 11 Exp 7 Complete removal of gtimolos for short penods Freqaencr retuins to 
nubal value ■when stunulus is renewed. 


Fig 12, Exp 4. Partial removal of etunolos, AdaptaUoa peiBists, but fre< 3 ,uency nses 
agam -when full load is apphed. 

shows the effect of a partial removal of the pressure for a short period 
Here the state of adaptation persists to some extent smce the load la 
never removed entirely, but each nse of pressure hrmgs about a large 
mcrease m frequency This experiment is mterestmg because it enables 
us to form some idea of the nature of the adaptive process This was 
discussed m Part n and it was pomted out that it might depend on a 
change m the rate of recovery of the end organs or on a change m the 
excitatory disturbance We might suppose that the mtensity of the 
excitatory disturbance is always proportional to the pressure at any 
moment, but that the refractory penod mcreases very rapidly with 
activity and hrmgs about the dechne m frequency The more likely 
^lanation is that with a constant stimulus the excitatory disturbance 
dimimshes rapidlv so that the frequency declmes, although the rate of 
recovery of the organs remains unaltered This explanation is supported 
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by the record m Fig 12 Here the frequency has fallen to half its mitml 
value m 6 seconds and if the exciting value of the stimulus remains un 
changed, the refractory period of the end organs must have been doubled 
The iop m the stimulus from 250 to 125 grm could scarcely restore the 
end organs to near their restmg condition, for the fall m frequency would 
stiU have taken place if the stimulus had been 125 grm throughout The 
frequency would rise when the stimulus is mcreased agam to 250 grm 
but it would only rise to the value it had just before the load was reduced 
whereas m fact it rises a great deal higher The same difficulty does not 
occur if we suppose that the adaptation is due to the stimulus becoming 
less effective^, for the end organs would then be capable of respondmg 
at any time with theu origmal frequency provided that they received 
a sufficiently mtense stimulus The fall m frequency with a constant 
pressure stimulus must therefore be due m part at least to a declme m 
the excitmg value of the stimulus apart from any change m the refractoiy 
period of the end organs This agrees with the results obtamed from t e 
receptors m the frog’s muscle and shows, as they did, that the adaptation 
of an end organ to a constant stimulus is of much the same nature as t e 
adaptation of a nerve fibre to a constant current 

Frequency of discharge from individual end organs Although the 
under investigation has 200-400 fibres, it will be obvious from the data 
already given that very few of these fibres can be m action when * ® 

IS stimulated by pressure The total number of impulses passmg up tne 
nerve m a second was often less than 50, and even if the frequen^ o 
end organ discharge were as low as 6 per sec , this would mean that on 7 
ten organs were m action However, there is really no rea^n 
the cat’s toe with a large number of pressure receptors ,, 

power of respondmg with different frequencies, one en needed 

be enough to signal the mtensity of the stimulus More would b 
if the exact site of stimulation were to be signaUed ^ . of 

tensity, but it is not hkelythat there is 

pressure withm the small area supplied by the nerve (i c ha P 

surface of one toe) u„.,<-nnpniis tissue 

Of the different types of sensory end organ m the sub 

the Pacmian corpuscles are by far the largest, an j.ooord 

tunes to dissect out a smgle corpuscle m the livmg p P 

the impulses from it, but m e^ ery case we have failed Dama, 

j li\ the erratJuo! 

I The decUne m cffect.renesa of the pres.na orpno, »re 

yielding of the tissues for this might reduce the extent to irh.eu P 

deformed. 
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nerve and the end organ is a sufficient explanation of this, though it is 
concervahle that rve vrere not using the right form of stunulus for this 
end organ 

The fadure to ohtam records from preparations mth onlv one end 
organ need not concern ns so much, for those from the mtact pad give 
most of the evidence vre need In the nerve from the frogs muscle 
(cL Part n) the aSerent impulses fell mto several regular series each vrith 
a definite rhythm of its ovm, each senes bemg produced by a smgle end 
organ If the mammalian pressure receptor is built on the same plan 
ve might expect to find evidence of regular rhythms m the present records 
and these vrould teU us vrhat vas happenmg m each end organ 

It must be said at once that the discharges cannot always be grouped 
mto perfectly regular sequences In one record (Exp 6) we have found 
a series of four consecutive impulses occurrmg with perfect regulanty 
at mtervak of 0195 sec durmg an mcrease of pressure of 100 grm per 



13. Ezp Z. (o) Pr«5ure of 500 gnn. for 5 tec. Analvm of , 

rhrthm, (5) Distal par of pad cnt through. Same ° 
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sec In other records we can usually detect one or more distmct rhythms 
with mtervals not varying by more than 5 p c , but most of the impulses 
wiU not fit mto groups unless we allow a variation of rhythm of at least 
10 p c durmg the short space of one record An example will make this 
clearer Fig 13 gives the moment of occurrence of all the impulses 
m a particular record The stimulus was a pressure of 500 grm applied 
for 5 seconds The impulses have been analysed mto six groups marked 
A-F and the mtervals between the successive impulses m each group 
are given below m Table I The four impulses marked X which are left 
out of the scheme may belong to sequences of very slow rhythm It 
will be seen that there is a variation of 10 p c m the mtervals m senes F 
and this is well outside the range of experimental error The impulses 
may be wrongly grouped and it is conceivable that if 27 impulses had 
occurred at random durmg the period of the record, we should have been 
able to analyse them mto groups havmg the same degree of regularity 
as those m Table I But the experiments on the frog and the one record 
already mentioned (Exp 6) show that regular discharges are to be 
expected, and the periods found m Table I agree very well with those 
from other records 

At a later stage m the same experiment a deep mcision was made 


Table I 


a Pad mtaot- 


seo 

^1-4,= 034 
Af-At= 033 
Ai-At = 033 
Af-At = 033 


Exp 2 600 grm preaaore applied for 6 eeconda 
Intervals between impulses m each group 


sec 

049 

Et-B,= 0486 


sec 

(7i-C,= 050 
C,-V,= 048 


see 

Ei-E,= 0355 
P.-P,= 037 
El-Ft= 039 

Averace frequency A 30 per sec 
B 20 5 , 

C 20 , 

D 37 
E 17 
F 27 

b Pad cut across Same stimulus 

Intervals between impulses in each group 


sec 

Di-D^= 020 
Dt-D,= 028 

D,-Dt = 0276 
020 


E^-E,= 

E,-E,= 


Ai-4 = 0516 
A,-4,= 0485 


sec sec 

15 ^ 193 = 052 Ci-C,= 00l 


B]-Bl= 045 

Average frequenej 


A 20 per see. 
B 21 , 

<7 10 5 , 


see 

001 

059 
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across tke pad, cutting a\Ta 3 ' the distal tvro-thards from connection 
■mth the nerve trunk The responses to the same stimulus are given 
m Jig 13 (b) They novr fall mto three instead of six groups, and the 
periods are given m Table 1 6, but there is agam a distmct variation 
in the mtervals and a correspondmg doubt as to the correct gronpmg 
In other records the variation may be even greater and it becomes quite 
impossible to group the impulses mth any confidence 

In Table 11 ive have collected vanous regular frequencies found m 
different experiments As a criterion of “regular” frequency ive take 
the occurrence of at least four impulses m the record at mtervals which 
vary by less than 10 p c When only one frequency is given for a par- 
ticular record it means that only one could be found to satisfy this 
criterion The lower frequencies do not appear m the table, for the rate 
must be higher than 20 per sec if four impulses are to appear on the 
photographic plate 

Tabue n. 


1, umber of experiment 
Stunolos 

Slow mctease of pressure 100 grm. per sec. 
600 grm constant load for 31 sec 
Do for 5 sec. 

Do for 7 sec 
Do for 10 sec. 


1 6 6 2 7 

Frei^oency per second 


56 01 52 — 02 5 

_ 36 _ — 

30 

21 — — — 


8 


54 


26 5 
26 


The frequencies obtamed whilst the pressure was mcreasmg are m 
remarkably close agreement, and it is unlikely that any higher fre- 
quencies can have been overlooked, for m many of the records there 
are occasional quiet periods lastmg as loug as 01—015 sec The exact 
pressure at the moment of exposure was not recorded on the plates and 
may have varied from 150 to 350 grm , hut the curve m Fig 9 shows 
that the frequency does not vary much when the pressure is mcreasmg 
slowly between these values A more rapid mcrease of pressure would 
no doubt give higher rhythms, but before the maxunal rate of the end 
organ is discussed we have to consider why the rhythms we hare found 
ate on the whole less regular than they were m the frog 

Irregvhr responses In the records from the frog some irregulanty 
was present when the frequency was very low, and whatever was the 
cause of this may account for the present records also But there are 
other possibilities which must be considered It is onhkely that the mote 
rapid adaptation can account for the lack of regularity, for the total 
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frequency does not fall by more than 2 or 3 p c m a period of 16 sec 
(tbe duration of the record) If the rhythms were all very long, we should 
not be able to trace them m records lastmg only 16 sec, but we have 
looked for slow rhythms m the contmuous film records and have not 
found them A more probable explanation is supphed by the fact that 
we are dealmg with nerve fibres each of which may send branches to 
several end organs This arrangement is not foimd m the case of the 
muscle spmdle and mdeed Sherrington (3) has shown that m the cat 
the converse is often true, one muscle spmdle receivmg several afieient 
nerve fibres Thus, m our records from the frog the possibihty of inter- 
action between different end organs did not arise It must arise, however, 
when we are concerned with the end organs imder the skm, for it is well 
known that both the Golgi-Mazzom and the Pacmian corpuscles may 
occur m groups supplied by a smgle nerve fibre, and an impulse arising 
in one corpuscle could scarcely fad to modify the activity of the others^ 
This explanation is supported by the data obtamed for the maximal 
frequency of the response 

Maximal frequency of end organ respoym In most of our experi- 
ments a rapid rise of pressure (100 grm m 1 sec ) gave a total frequency 
of more than twice the rate given by a slower rise (100 grm m 1 sec ) 
Part of this mcrease in frequency might be due to new organs respondmg 
only to a rapidly changmg stimulus, but m any case the maximal rate 
at which the smgle organ can discharge ought to he somewhere between 
60 and 150 per sec But m Exp 1 (Fig 10) and Exp G (Fig 9) it vill 
be seen that the total frequency with rapid loadmg does not exceed 
150 per sec It is unlikely that the stimulus afiected only one pressure 
receptor and the impulses did not form a smgle regular series, but here, 
too, we may mvoke the fact that sevmral end organs may have a common 
nerve fibre An impulse set up m one organ will almost certamly be 
conducted round as an antidromic impulse to the other organs on the 
same fibre If it reaches an organ which is m the refractory state, the 
antidromic impulse would have no effect, but if the absolute refractor} 
period IS over, the impulse might produce a renewed actnuty of the organ 
and a renewed refractory period It does not follow that a fresh centri 
petal impulse would be set up, for the refractory state of the conducting 
path would prevent it Thus the total frequency of the impulses travelling 
up the nerve fibre from the group of organs might be no greater than the 
maximal frequency at which any one organ can respond Since the 


^ The possibility of mtcniotion of end organs on a common nerve 
out by Herring (Bmin, 40 p 209 1923) 


fibre pointed 



SEJSORI KERTE IMPULSES 481 

impulses occur irregularly, it is unlikely tkat one organ can keep all tke 
others permanently out of action, but it is mteresting to note that ikp 6 
(one of those inth a very lorr total frequency) gave the record m which 
four consecutive impulses appeared at perfectly regular mtervals The 
film records show that this regulanty was not mamtamed, and we must 
therefore assume that the lead passes from one organ to another For 
to occur we must also assume that the refractory state set up by 
an antidromic impulse is sometimes shorter than that set up m the organ 
which ongmates the impulse 

Smce the whole explanation is speculative, it would be useless to 
discuss m detail the way m which several end organs might mteract 
It may be pomted out, however, that a disordered rhythm m a nerve 
fibre attached to several end organs presents a fairly close analogy 
with the behaviour of the ventricle of a heart m which the rhythm is 
disturbed by ectopic beats from various parts of the auricle 

Whether this explanation is correct or not, the fact remains that 
m these two experiments the total number of impulses passing up the 
nerve m 1 sec was not greater than 150, and the maximal rate of dis- 
charge from the smgle organ cannot well be higher There was nothmg 
to mdicate that the preparations were m any way abnormal and the 
regular penods obtamed m other experiments are certainly no greater 
A maxunal frequency of 150 per sec for a warm-blooded anim al is 
evidently m good agreement with that for the receptors of the frog s 
muscle, which was reckoned to be 75-100 per sec 

Biscusswn The results obtamed from the pressure receptors of the 
cat’s foot conform very closely with those for the tension receptor m 
the frog’s muscle The rate of adaptation is more rapid and the maximal 
frequency of discharge is probably higher, but there is the same grading 
of frequency according to the strength of the stimulus and the same 
all-or-nothing relation between the stimulus and the mdividual responses 
m the nerve fibre We see no reason to doubt that the mode of pro- 
duction of the repeated discharge is the same m both, i e after each 
response the refractory state is set up and the excitability returns 
gradually until it reaches the value at which the stnnulus becomes 
efiectrre agam In both cases the change which would be produced m 
the end organ by the stimulus is a deformation of its structure The 
muscle spmdle wiU elongate when the tension on the muscle is mcreased, 
and It will do so whether the muscle is contractmg or not, smce it is 
placed as a link between two sections of a contractile fibre The pressure 
organ must also be deformed if the stnnulus is to be efiective, smce it 
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IS well known that an mcrease of pressure does not stunulate if it a 
uniform m all directions, e p if the limb is placed m water or mercury 
The exact process by which the deformation sets up an impulse is, of 
course, uncertam 

The mam difference between the frog records and those from the 
cat hes m the absence of clear evidence of regular rhythms except m 
a few cases This has already been discussed and it has been pomted 
out that several pressure organs may mterfere with one another if they 
are supphed by a common fibre In our records from the frog we found 
that the frequency of discharge from the muscle spmdle was always 
low enough to leave the nerve fibre tune for complete recovery between 
one impulse and the next This condition would evidently not obtain 
if a smgle nerve fibre were to receive unpulses from several end organs 
actmg quite mdependently, but it would be secured if the nerve endings 
on a common fibre can mteract m the way suggested 

If it IS true that the activity of one end organ may suppress that o 
the others on the same nerve fibre, it follows that the multiplication of en 
organs on a smgle fibre would merely serve to increase the area 
which the stimulus might take effect The frequency of discharge won 
be the same whether aU were stimulated or one only, and presuma y 
the mtensity of the sensation and its “ local sign ” would be the same also 

The very rapid adaptation to contact and pressure is surprismg a 
first sight, but it becomes less so when we consider the functional va ue 
of these sensations m the cat’s toe In our own toes the sensation 
to a steady pressure is very soon over unless it is renewed by a 
ment, and although we have no objective standard it is fairly clear 
the sensation does vary with the mtensity and duration of the stimu 
accordmg to the same general plan which governs the frequency o 
charge of impulses m these experiments 


C0NCLUSI0^S 

1 Afferent unpulses have been recorded m the plantar 
of the cat when the pad of the toe is stimulated by light contac 5 

^ 2 When a glass disc is brought mto contact with the 
there lightly, there is a discharge of impulses at a hig q 
a period of about 1/10-1/5 sec at the moment of contact, bu 
1/2 sec the discharge has ceased almost entuely takes 

3 "When pressure is applied to the disc, a discharge o P 
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place ■n’lucli is at a maxunum as the pressure is increasing and falls off 
rapidly Yrhen the pressure is maintained at a constant value 

4 The frequency of the unpulses varies mth the mtensity of the 
stimulus, hut the size of the mdividual action currents does not vary 
There is therefore an aH-or-none relation between the stimulus and the 
nnpulse 

5 The discharges can sometimes be analysed mto groups, each 
occnmng with a definite rhythm and each presumably due to a single 
end organ, but the rhythms are not so regular as m the afferent fibres 
from the frogs muscle and it is often impossible to trace them It is 
suggested that this lack of regularity is due to mteraction between 
several end organs which are supphed by a common nerve fibre 

6 The maximal rate of discharge from the smgle end organ appears 
to be about 150 per sec Frequencies of 20-30 per sec are commonly 
found when the pressure has been constant for 5 seconds 

7 These results agree very closely with those obtamed from the 
tension receptors m the frog’s muscle and there is httle doubt that 
the acbnty of the cat’s pressure receptors depends m the same way 
on the development of a refractory state and a return of excitabihty 
after each discharge, combmed with a slow dechne m the exciting value 
of the stimulus 

Tie expenses of ths research were defraved in part bv a grant to one of ns (E. D A.) 
from the Goiremment Grants Co mmi ttee of the Rojal Soaetr 
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THE INFLUENCE OF CALCIUM ON THE ISOMETRIC 
RESPONSE OF THE FROG’S HEART 

By D E DESEO (Fellow of the International Educational Board) 
(From the Pharmacological Department, University OoUege, London ) 


The following expemnente were made to deternune the effects of varia- 
tions m the calcium content of Ringer’s fluid upon the isolated ventncle 
of Sana temporana 

The whole ventncle was perfused with a Kronecker’s cannula, and 
the isometnc responses were recorded with a Frank’s manometer The 
arrangement used was similar to that described by Frankfi), and 
modified by Kozawa( 2) and by Segallp) A constant rhythm was mam- 
tamed by stimulation with break mduction shocks at 12 per nunute 
The excursions of the lever were recorded on a fast drum, and the records 
were measured by means of a readmg microscope and micrometer 
The Rmger’s flmd was buffered with borates and acetates and had 
the foUowmg percentage composition NaCl 0 65, CaClj 0 014, KCl 0 014, 

H3BO3 0 031 , C2H302Na 0 068, pn 7 6 

The isometnc response of the heart with a senes of different filhngs 
was measured, and the effect of alterations m the calcium content was 
detemuned by ma kin g senes of experiments alternately with different 


calcium concentrations 

Three concentrations of calcium chlonde were tested, namely, 
(1) normal 0 014 p c , (2) excess 0 042 p c and (3) deficiency 0 004 p c 
Doi( 4) pomted out that a senes of isometnc responses pro uce 
considerable fatigue of the ventncle, particularly when maximal fillmgs 
were used I noted this effect also, and usually made several sene 
experiments alternately with two solutions The results shown m 
figures were selected from experiments m which changes due ^ 
m the course of a smgle experiment were not marked 
calcium m a fresh heart beatmg vigorously caused an mcrease m 
pressure but did not cause any marked mcrease m systo c 
(Figs 1 and 3) Excess of calcium m a fresh heart bea “S ^ 

(Fig 2), or m a fatigued heart (Fig 4), caused a nse m 
pressure and also a considerable increase m systohc pressure 
Excess of calcium was found to produce less effect m a 



0 01 0-02 0 0 3 0 04 0 0 5 0-06 

ilg 1 Effect o£ excess of calaam oa fresh heart. First senes (contrenoos lines) CaCl, = 
ODUp-c, Second senes (brok)eiilmea)CaCl.=(H>12 pc. The upper lines riiow systolic 
pressures and the lower lines diastolic pressures Ordinate pressures in mru Hg 
Abscissa filling of ventncle in c,cm. 




THE INFLUENCE OF CALCIUM ON THE ISOMETRIC 
RESPONSE OF THE FROG’S HEART 

By D E DESEO {FeUow of the Internattonal Educational Board) 
{From the Pharmacological Department^ University College, London ) 


The foUoTODg experiments were made to determme the effects of vans 
tioas in the calcium content of Binger’s flmd upon the isolated ventricle 
of Eana temporana 

The whole ventncle was perfused with a Ejonecker’s cannula^ and 
the isometnc responses were recorded with a Frank’s manometer The 
arrangement nsed was similar to that descnbed by Frank(i), and 
modified byKozawaO and bySegalI(8) A constant rhythm was main 
tamed by stimulation with break mduction shocks at 12 per minute 
The excursions of the lever were recorded on a fast drum, and the records 
were measured by means of a readmg microscope and micrometer 
The Rmger’s fluid was buffered with borates and acetates and had 
the following percentage composition NaCl 0 66, CaClj 0 014, KOI 0 OH, 
H3BO3 0 031 , C2H302Na 0 068, 7 6 

The isometnc response of the heart with a senes of different filhngs 
was measured, and the effect of alterations m the calcium content was 
detemuned by making senes of experiments alternately with different 


calcium concentrations 

Three concentrations of calcium chloride were tested, name y, 
(1) normal 0 014 p c , (2) excess 0 042 p c and (3) deficiency 0 004 p c 

Do 1(4) pomted out that a senes of isometnc responses produce 
considerable fatigue of the ventncle, particularly when maximal S 
were used I noted this effect also, and usually made several sene 
experiments alternately with two solutions The results shown m 
figures were selected from experiments m which changes due to 6^^ 
m the course of a single experiment were not marked ° 

calcium in a fresh heart beating vigorously caused an increase in ms 
pressure but did not cause any marked mcrease m systo ic p 
(Figs 1 and 3) Excess of calcium m a fresh heart beating > 

(Fig 2), or m a fatigued heart (Fig 4), caused a rise m m 
pressure and also a considerable increase m systohc pressure . 

Excess of calcium was found to produce less effect in a 
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Tig 1 Efieot oE excess of calcium on fresh heart. Fust senes (oontmaous lines) CaClj= 
0-014 po Second senes (broken hues) CaCh=0 042 p.c The upper lines show systoho 
pressures and the lower hues diastoho pressures Ordinate pressures m mm Hg 
Abscissa filling of ventnole m c.cm. 
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solution (jjg 7 0) than in an alkaline solution (j% 7 8) Deficiency of 
oalcimn produced no certain effect on the diastohc pressure, but caused 




Fir 3 Pressures added on contraction in freah heart. Coordinates as in Kg 1 

CaCl,=0 042pc., +- + CaCI,=0 014pc.,® O CaCl,=00Wpc. 

Fig 4 Pressures added on contraction infatigned heart. Curves and coordinates nsmFig 


a great decrease in the systolic pressures (Figs 3 and 4) Kozawa^) 
showed that increase in the filling of the frog s heart up ^ ® ^ 
optimum caused an mcrease m the systohe pressure , 

and 2 show that calcium excess dnmmshes shghtly the quantity 

is an optimal filhng for the heart , , the 

Excess of calcium, as is weU known, increases the J ^ 

iflotomc contraction of the frog’s ventncle and it produces a ^ 

on the isometnc response Increased filhng of the heart 
duration of the isometnc response and SegallP) has s o 
mcrease is due chiefly to an increase m the duration o fa t 
This effect is exactly similar to that seen m skeletel mus ^ 
that excess of calcium mcreases and calcium chiefly 

duration of the isometnc response, and that these chaug 
to changes m the duration of the fall of tension 
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CoSCLUSIOIIS 

(1) Calcmm excess catises a sligM diminution in the restmg length 
of the heart muscle, as is shovm by the fact that the diastohc pressure 
for any particular filhng is increased 



Pig. 6 Inflnence of calanm concentration on the duration cd contraction (same heart as 

in Fig 4) 

0305=0-012 pc., + 1- Ca0.=0-014 p c., O @ CaClj=0'004p.c. 

Ordmates tune in seconds , abscassse filling of ventricle in c.cin. The figure ahorca three 

different pairs of curves. The upper curves show total duration of rise and fall of 

tenaon and the lower curves the dutabon of the nse of tenaon. 

(2) The effect produced by calcium excess upon systohe pressure 
depends upon tbe condition of the heart. Little increase is produced in 
a fresh heart beatmg vigorously but a considerable mcrease is produced 
in a heart beating feebly and particularly m a fatigued heart 

(3) Calcium excess reduces the quantity of fiffiu g -which produces an 
optimal systohe response 

(4) Calcmm deficiency reduces the systohe pressures produced by 
the heart 

(5) Calcium excess mcreases and calcium deficiency decreases the 
duration of the isometnc response, and this mcrease is dne chiefly to 
an increase m the duration of the fall of tension 

I desire to thank Prof k. J Clark and Dr G Anrep for their valu- 
able help and advice, and Dr Segall for commumcatmg to me certam 
■Qupubbshed conclusions 
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SECRETIN AND THE PORTAL CIRCULATION 
By J MELLANBY 

{From the Physiological Laboratory, St Thomas’s Eosfital, London ) 

In 1917 D]enabci) stated tbat secretin injected into the portal circula- 
tion IS a much less effective stunulant of pancreatic secretion than vrhen 
mjeeted mto the jugular vem Smce the obvious path for the absorption 
of secretin from the mtestme is via the portal blood, his results mdicated 
that seoretm is not necessary for the production of pancreatic juice m 
the normal animal In 1921 Halliburton and de Souza(2) observed 
that seoretm mjeoted mto the splemc vem produced less pancreatic 
jmce than when mjected mto the jugular vem In then opinion the extra 
dilution of the secretm mjected mto the portal blood before its arrival 
at the pancreas would explam then results In 1924 Cowgill and 
Deuel (3) found a substantial diminution m the amount of pancreatic 
juice formed when secretm was mjected mto the splenic vem, compared 
with that produced when the same quantity of secretm was mjected 
mto the jugular vem In one experiment on a dog, 10 c c of secretm 
mjected into the femoral vem produced 41 drops of pancreatic jmce, 
whilst the same quantity of secretm mjected mto the splenic vem pro- 
duced 7 drops of pancreatic juice They suggest that the portal path 
of absorption should receive due attention from mvestigators engaged 
m the study of secretm 

In order to clear up the ambiguity on this subject, experiments were 
carried out to determme the relative parts played by the bver, the portal 
cuculation and the lymphatic system m the secretm mechanism for the 
production of pancreatic juice 

Experimental methods The experiments were carried out on cats 
amesthetised by urethane (1 5 grm per kilo of body weight) The rate 
of secretion of pancreatic juice was detennmed by tunmg the drops 
issumg from a cannula tied mto the pancreatic duct Injections of 
secretm were made into a cannula tied mto the nght femoral vem or 
directly mto a small branch of the mesenteric vem through a fine needle 
The crude secretm solution was made by extractmg the duodenal mucous 
membrane of a pig at room temperature with absolute alcohol 

Secretin into the femoral vein and mesenteric vein The foUowmg results 
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show the marked differeiice m the amounts of pancreatic juice secreted 
when secretm (2 c c ) was mjected mto the femoral vein {A) and the 
mesenteric vem {B) 


Pancreatic jtuce 


(^) 

m drops 

m. B 

m 8 

1 

1 27 

2 6 

5 

2 42 

5 27 

10 

3 47 

12 7 

15 

6 48 



20 

8 6 



26 

10 17 



30 

12 68 

— 

35 

17 30 
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Figures similar to the above were ohtamed m a series of experiments 
They fully confirm the results of previous observers Two deductions 
may be made from these experimental results (1) that the hver has first 
claim on secretm and, only when this claim is satisfied, the excess of the 
secretm m the portal blood passes through the liver to the pancreas, 
or (2) that m the normal animal secretm is absorbed from the intestme 
mto the lacteals, and passes mdirectly mto the blood through the thoracic 
duct 

The liver and secretin Accordmg to Bayliss and Starhngl'i) 
secretm acts on the pancreas and hver smce an mtravenons injection 
of it not only causes a secretion of pancreatic juice but also doubles the 
rate of flow of bile It appeared possible, therefore, that a single injection 
of secretm mto the portal circulation would stimulate the secretion of bile 
rather than that of pancreatic juice This hypothesis was tested b'v deter- 
mmmg the relative rates of secretion of pancreatic juice and bile after 
the injection of secretm (1 c c ) into the femoral vem (A) and into the 
mesenteric vem (B) 


Pancreatic 
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3 
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15 

6 

36 

— 

4 

16 0 

20 

9 

62 
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5 
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25 

15 

33 
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It IS evident that secretm mjected mto the mesenteric vein is a much 
less effective stunulant, not only for pancreatic juice but also for i c, 
than when mjected mto the femoral 
Secretm and the li/mphatic system 
secretm may be absorbed mto the 


The foregomg results indicated that 
lymphatic system This path o 
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absorption ivotdd explain tbe large secretion of pancreatic ]mce vriuch 
foUowB after a meal of fat It is impossible to mject secretm directly 
mto the lacteab of the small mtestme, but a method of testmg this 
hypothesis ivas mdicated by the experimental xesultB and conclusions 
described m a previous paper (Mellanby(5)) It has been shovn that 
bile of an appropriate reaction, mjected mto the duodenum, causes a 
copious flow of pancreatic jmce Experimental analysis of the pheno- 
mena mdicates that bile salts are absorbed from the mtestme and m 
their passage through the cells of the duodenal mucosa carry the pre- 
formed secretm contained m these cells mto the portal blood or lymph 
and so to the pancreas In the ongmal experiments it was assumed that 
the absorption was mto the portal blood In view of the results described 
above, however, it was necessary to test the accuracy of this assumption 
The effect of damping the thoracic duct Dilute bile (2 c c ox bile, 
8 c c 85 p c NaCl, 05 c c HCl N) was mjected mto the duodenum of 
a cat After the secretion of 2 c e of pancreatic ]mce, the left thoracic 
duct was clamped, and, after the secretion of an additional 2 c a of 
pancreatic juice, the clamp was removed 


Pancreatic juice 

Time in 


m drops 

minutes 

Thoracic duct 

40 

20 

Free 

40 

15 

Clamped 

40 

18 

Pree 


The results mdicate that secretm is absorbed duectly mto the portal 
blood, and that none passes mdiiectly mto the blood through the 
lymphatic system of the mtestme 

The effect of collecting the lymph from the thoracic duct It appeared 
possible that secretm passed mto the portal blood when the free flow of 
lymph from the thoracic duct was prevented by a clamp This possibflity 
was tested by tymg a cannula mto the thoracic duct and allowmg the 
lymph to flow freely from it durmg the secretion of pancreatic juice, 
produced after the mjection of dilute bile mto the duodenum 

Dilute bile, as m the previous experiment, was injected mto the 
duodenum of a cat "When the pancreatic juice was flowmg freely a 
cannula was tied mto the thoracic duct and the lymph collected The 
foUowmg figures show the effect of this procedure on the flow of -pan- 
creatic juice ^ 

Pancreatic inlce Time m 
ID drops mmutes 

10 24 

16 27* 

• Lvmpli flo-tnng freelv from thoracic duct 
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The lymph secreted durmg the experiment, mjected directly into the 
blood, cansed no secretion of pancreatic jmce It is evident that the 
removal of lymph from the thoracic duct has no effect on the secretion of 
pancreatic juice consequent on the mjection of bile mto the duodenum 
Therefore, if secretm is the normal pancreatic stimulant, it must be 
absorbed directly mto the portal blood and not mto the lymphatics of 
the mtestme 

Purified secretin injected mto the mesenteric vein The previous expen 
ments offer conclusive proof that secretm is carried from the mtestme to 
the pancreas by the portal blood On the other hand, secretm extracts 
mjected mto the portal vem stimulate the pancreas to secrete only about 
one-third the quantity of juice obtained when a similar injection is made 
into the femoral vem The explanation of these contradictory results is 
evident from the followmg figures, which show the relative rates of 
secretion of pancreatic juice after the mjection of purified secretm (1 c c ) 
mto the femoral vem and the mesenteric vem 


Pancreatic jnice 
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femoral vem 

Secretm info 
mesenteric veil 
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68 
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25 

40 

14 
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18 

37 

60 

16 
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60 

20 

20 

— 
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It IS evident that purified secretm mjected mto the mesenteric vem 
IS approximately as effective a stimulant for the pancreas ^ 
mjected mto the femoral vem Probably the anomalous results o me 
when crude secretm extracts are mjected into the two cuculations are 
to the association of the secretm, m such extracts, with other su s 
which are removed from the portal blood when passing throug 
and hence the secretm also is removed from the cuculation 


SUMJLAEY 

(1) Secretm m absorbed from the cells of the mucous 

the slu mtestme dmeotlymto the portal ='”“V”“lTrc,.»t'c 

the lymphatic cuculation does not prevent the secretion p 

juice after the mjection of bile mto the duodenum „a,jj,ulant for 

(2) Purified secretm is approximately as effective a 

the secretion of pancreatic juice when mjected mto the portal as into 

femoral vem 
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(3) Crude extracts of secretm act as feeble excitants of pancreatic 
secretion rrben injected into the portal circulation, since the liTer remoTes 
from the blood substances mth •erhich the secretin is associated in these 
crude extracts 

The erpenees of this vrotk -vreie defrayed by a Grant from the Giovemment Committee 
of the Royal Society 
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A NOTE ON THE ELASTICITY OF SKELETAL 
MUSCLES By A V HILL 


{From the Derpartment of Phystology and Btochenmtry, 
University College, London ) 


In a recent paper by Lindbard and Mo Her (i) objection was raised 
to the experiments of Gasser and A V Hill (2) on the ground that 
no account was taken m them of the alleged possibihty “that stretchmg 
may cause a muscle to contract ” In the experiments m question the 
muscle was already bemg subjected to a contmuous super-maximal 
tetamc stimulus appbed at both ends, and, under such conditions, 
Wyman( 3 ) has recently shown that a stretch considerably diminishes 
the heat production, so cannot possibly be regarded as further stunu- 
latmg” the muscle If the restmg muscle were “stimulated” by the 
stretch the result would be to make its behaviour similar to that of the 
tetamsed muscle, and not unlike it as we showed there is, moreover, 
no evidence that stretchmg a restmg skeletal muscle excites it, as 
admittedly it may do m a smooth muscle 

A very serious objection, however, does exist m regard to the in- 
terpretation placed by Lindhard and Mo Her on their own experiments 
It can be shown that them results do not, m fact, measure the elasticity 
of the muscle at all, but may be deduced dmectly from the dynamics 
properties of a bundle of flexible but unextended fibres, carrymg a 
swmgmg system of the type employed by them, and oscillatmg un er 


gravity i, 7 c r] 

Consider a cylmdrical bundle of parallel fibres of length xc 

at the top and carrymg at the bottom a swmgmg device of moment 0 
mertia When this is twisted the fibres are caused to he m spiro 

m the cylmder, mstead of m Imes parallel to its axis, and smce ey 
are under tension (to support the weight of the swmgmg deuce) eac > 
now exerts a horizontal component tendmg to resist t e twis 
restormg couple is proportional to the amount of tvist, an t e 
carries out a harmonic oscillation of period dependmg upon e 
sions of the bundle of fibres and the value ofg The elasticity of c 
does not come mto the equations at all, and the results ° 
and Moller may be explained, qualitatu ely and quanti a ucy. 
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simple dynamical principles, witliout any reference to the elastic pro- 
perties of the muscle 

In a rmg of fibres between the radu t and r •+• 8r the number of fibres 
may be taken as proportional to 27rrSr the total tension, exerted by them 
(their share of the weight of the swmgmg device) will be proportional to 
theur number, and equal to 27r2'r8r where T is the load per sq cm 
of section of the bundle 'When the lower end is twisted through an angle 
6 the couple exerted by the horizontal components of all the forces m 
the mdrvidual fibres of the rmg wiU be 2jrTr®08r/i, smce each fibre 
now makes an angle cos“^ rdjl with the horizontal Considermg the whole 
bundle the total couple must be 

f'2irT7^edr _^irTr*e 

L I ~ 41 


But irfiT IS equal to the weight of the swmgmg device. Mg, so the 
couple becomes Mgi^6j2l Moreover is equal to the volume of the 
bundle, say so that the couple finally becomes MgYQj'i-nV' 

The equation of motion therefore is 

^ dP 2rP ’ 


which is that of a harmomc oscillation of half period 

the ilf e cancellmg out 

Introducmg the values of w and g this becomes 


nirJU 
gv ’ 


t - 0 2521fi:/VF 

In the experiments of Lindhard and Moller E had the value of 
2 6 cm , so that finally 

t = 0 65Z/VF 

From this formula we see that t should be proportional to I In 
Lindhard and Moller ’ s experunents (Tables I-IV) the foUowmg values 
of tfl are calculated 


I 1 03, 0 96, 1 03, 1 16, 1 23, 1 34, 1 07, 

II 1 37, 1 54, 1 45, 1 51, 1 53, 1 35, 1 45, 
III 2 36,2 52,3 13,3 20,2 99, 

TY 2 24, 3 95, 3 18, 3 29, 2 58, 2 27 


The constancy of the value of tfl m each experiment is quite as good 
as could be expected from the consistency of the observations them- 
sehes (see particularly Exp H) Thus the change in the time of 
oscillation when the muscle is stimulated is due simply to 
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the change of length of the muscle, and has nothing whatever 
to do with its elastic coefficient 

That this IS really the case is borne out by a further calculation 
In the last formula above the volume of the muscle can be calculated 
from the values of t and I observed 

F = 0 42/(</Z)2 

Takmg the mean value of tjl m all the experiments (stimulated and 
unstimulated), viz 2 1, the value of F so calculated is 0 1 eo , cone 
spondmg to a sartorius muscle of about 0 1 grm weight Lindhard 
and Mo Her do not give the weights of the muscles they used, but 
0 1 grm IS exactly of the right order of size for the sartorius of an 
English frog, a comcidence which would be very strange were the above 
explanation not the true one 


SuMilABY 

1 In a recent paper Lindhard and Moller have objected to the 
experiments of Crasser and Hill on the viscous-elastic properties of 
muscle, on the ground that “stretchmg may cause a muscle to con 
tract ” An answer is made to this objection 

2 Lindhard and Mbller have proposed an alternative method of 
determmmg the elastic coefficient of muscle, at rest or stimulated It 
IS showm that m fact them results have no connection with the elastic 
properties of the tissue examined, but are due entirely to the dynamical 
properties of the system they employed 
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THE PRODUCTION OF SUGAR IN THE PERFUSED 
LIVER FROM NON-PROTEIN SOURCES 

By J H BUBiS axd H. P MARKS 

(The National Institute for Medical Eesearch, London ) 

It does not appear to be conunoniy bnovm tbat ■wben a liver is removed 
from tile body and perfused mtii defibmiated blood at 37°, there is a 
production of sugar m the system greater than is accounted for by any 
disappearance of glycogen. This ivas first demonstrated by Embden(i) 
so long ago as 1905 He perfused the hvers of dogs rendered glycogen- 
free before death by adnmustermg strychnine to the dogs after a period 
of starvation m itiuch they irere frequently exercised At the beginning 
of perfusion he observed the absence of glycogen and detennmed the 
amount of free sugar m a lobe of the hver, and also dete rmin ed the sugar 
m the blood vrhich vras used for perfusion After perfusion for penods 
of £ to 1 hour he found an mcrease m the sugar m the blood much more 
than could be due to the breatdoivn of the traces of glycogen, or to the 
•vashmg out of the free sugar rmtiaUy present In 1909, Lattes(2) 
extended these observations to the hvers of phlondzinised and also of 
depancreatised dogs m which he encountered the same phenomenon 
The results make it probable that the earher findings of Seegen(S) m 
1890 that there was an mcrease of sugar m pieces of hver tissue mcubated 
at 37° from, e ^ , an ongmal value of04pc.to33pc, without any 
decrease m the amount of glycogen, were more accurate than some later 
observers have supposed 

Bornstein and Griesbachw have found m perfusmg the livers of 
phlondnnised dogs that a fall m lactic acid takes place, and have supposed 
that the sugar production recorded by E mb den was to be explamed 
in this wav 

Few other observers appear to have detennmed the total carbo- 
hvdrate m the system of a hver perfusion both at the beginumg and end 
Bernhard(5), m an attempt to observe the efiect of insuhn on the rat’s 
hver perfused vath Rmger s solution, has done so, though he found that 
the mcrease of sugar m the perfusmg fluid was accounted for hr the 
dimmution of glvcogen 


PH LXI 


33 
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Our experiments began ■witb the purpose of findmg out whether a 
perfused liver rich m fat would form sugar under the influence of such 
hormones as adrenalme or pituitary extract It at once became clear 
that, to deternune a change in the total carbohydrate m the system which 
could be regarded as significant, it was essential to reduce the mitial 
total to the lowest dimensions Thus m an experiment m which no pre 
cautions to ensure this were taken, we observed a rise m carbohydrate 
durmg the perfusion from 2 05 grm to 2 49 grm , it was conceivable 
that the difference lay within the experimental error of the methods 
employed Fortunately, we found that the hvers of dogs or cats, fed for 
some days on fat, contamed after removal from the animal little or no 
glycogen, it remamed to reduce the total of free sugar m the liver before 
perfusion began This object was achieved by perfusmg once through 
the hver a portion of blood, which was discarded The procedure proved 
to be of considerable importance because it simultaneously removed 
other diffusible constituents, such as urea, ammonium salts, ammo 
acids and lactic acid, which might be present after a period of tissue 
asphyxia m abnormally large amounts 

We have been able by perfusion of hvers prepared m this way to 
establish that a considerable formation of reducmg sugar takes place, 
which m proper conditions is contmuous and may be uniform durmg 
3 or 4 hours We have determmed that the formation is m no way due 
to a simultaneous disappearance of lactic acid, and moreover that ouly 
a small fraction of the sugar can be derived from protem 

Details op Experijibnts 

Diet of ainmals Cats were fed on thick cream, cod-liver oil and 
water for periods of 4-7 days On this diet they developed a considerable 
acetonuria 

Dogs were fed on mutton fat and water for longer periods There was 
a slight acetonuria m the first two or three days, but subsequcnth 
this disappeared They ate the ration of fat with regularity In contrast 
to this tolerance of a fat diet by adult dogs, we found that small PUPP'“ 
given cod'hver oil and mutton fat became comatose in 24 hours an m 

m 48 hours . 

Preparation of liter The cat or dog was amcsthetised with ercer 

admmistered on an open mask, and cannula? were put into the evtenia 
jugular vem and mto either the carotid artery (dog) or the abdomma 
aorta (cat) As much blood as possible was collected from the a ery 
m a basm and defibrmated Durmg the evsanguination, varro, sugar 
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free Pimger’s solution ivas run into tke Tem, tbs enabled us to secure 
n larger Tolume of blood for perfusion The amount added -a-as m the 
proportion of about 75 c c of Rmger for a 3 hgm cat, from irbch we 
commonly obtamed 150 cc of the blood-Emger mixture For the 
perfusion of the cat brer the blood of either one or two other cats was 
obtained m identical fasbon In the case of dogs, sufficient blood for 
the perfusion was always obtamed from the one animal without the 
infusion of Emger’s solution Nevertheless, the infusion was always 
earned out, m order to dilute the blood remaining m the bver. 

The animal havmg been bled out m tbs manner, the abdomen was 
opened and the sheath of mesenterv carrymg the portal vessels was 
sought From tbs, the common bile duct and the portal vem were 
dissected out and bgatured and dmded as far from the bver as possible 
The hepatic arterv, and the mfenor vena cava, both above and below 
the bver, were also ligatured and divided, but care was taken to leave 
the Ivmphatics free The mesenterv and diaphragm were now cut away, 
as close to the bver as possible, and the bver removed and weighed. A 
piece of glass tube was tied mto the portion of thoracic vena cava to 
establish efficient dramage from the bver during the perfusion, as will 
be explamed A glass cannula filled with sabne was tied mto the common 
bile duct, and a second cannula filled with the defibnnated blood mto 
the portal vein. A loose ligature was appbed around the connections 
of the lobe or lobes of the bver wbch it was proposed to remove for 
analysis In the case of the cat, we habituaUy chose the two small 
postenor lobes Ivmg beside the right suprarenal, m the case of the dog 
we chose the large nght lobe representmg about one-third of the total 
bver weight The bver was then transferred to the perfusion apparatus 
The tune taken m the mampulations described was usually from 20-50 
mmutes 

The ferfuswn apparatus This was a modification of the apparatus 
described bv Burn and Dale(6) for perfusmg the leg of a cat or dog 
The blood from a reservoir, after being warmed to 37° bv passage 
through a cod m a thermostat, passed through a bubble trap, from 
which samples of blood could be withdrawn and m which a thermometer 
was placed, and entered the portal vem of the bver The bver was 
placed m a wav-coated zme tray Z, shown m Fig 1 the trav was 
covered above by a glass bd L, and surrounded at the sides and below 
bv the water m the thermostat T The blood dxamed out of the bver 
by the glass tube G tied mto the cardiac end of the inferior vena cava 
This tube hung down mside the wider tube W which conducted the 

33—2 
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blood to the oxygenating system placed below the level of the ther- 
mostat In this way an efficient siphonage out of the hver was ohtamed 
The oxygenating system waa „ 

devised on the prmciple of that 
described by Hooker(7) Oxy- 
gen passed mto it after bubblmg ■ k 

through water at 37° C m order tl 

to saturate the gas with water " 

vapour Id several experiments I 

a mixture of oxygen with 6 p c ^ ^ ^ ' 

CO 2 was used The blood col- 3 Zy 

lectmg m the bottom of the 

oxygenator was returned by a q ; 

Dixon perfusion pump, workmg 

m conjunction with two glass 

valves, to the reservoir A cod "N- x _ 

of sdver wire coated with vase- ~ : 

Ime was placed at the entrance srzjmr z^A EJr£3Zr'— 

of the blood into the reservoir, 

as described by Burn and — k ^ 

Dale, m this way frothmg was 8 

avoided E s 

The ferfusion The usual 
rate of blood flow through the ^ 

cat hver was about 120 c c m-pjiter 

per mmute, through the dog hver the flow was f 

than this, though not so much greater as we e-pec^^^' 
that the dog hver was about three or four times the 
cat hver About 200 c c of the blood-Emger m^tm 
described was used for each cat hver, and about 400 c c ^ t 1 
undduted blood for each dog hver The cases 

tendency to become mdematous than did the dog 
m which only very slightly dduted cat blood ^ ffie Iner 

the exsangumation of two cate m addition ^ ^hat 
.-as taken) cedema, as determmed by the initial ,l„eh 

hver, was negligible A very ^^^^“rhoum by ^ 

there was little mdema was mamtamed for 4 ho y^^^ 

adrenalme to make a concentration of 1 ™ ^ experiment there 

repeated at intervals of half an hour /Pf Tour (Edema 

Js usually considerable oedema in dog Iners after 1 
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always occurred botli m cat and dog livers if by accident tbe lymphatics 
running m the portal canal were obstructed by the ligature around the 
portal vem 

The two best mdices of efficient perfusion seemed to be the degree 
of the reduction of blood passmg through the hver and the amount 
of bile flowmg out of the cannula m the common bile-duct, between the 
two there was a general correspondence That this flow was at least m 
part a true secretion and not a mere outflow from the gall bladder was 
evident from the facts, (1) that m one experiment there was a steady 
flow of bile from a second cannula placed m a tributary duct remote 
from the gall bladder, (2) that when the gall bladder was emptied by 
compression at the beginnmg of an experiment, as was often done, it 
filled agam durmg the perfusion, (3) that the bile was hght yellow in 
colour, unhke the green and viscid contents of the bladder Grube{8) 
has previously observed the filhng up of the gall bladder with bde 
durmg a hver perfusion 

Methods (a) Deteimmaiion of glycogen This was always estimated 
m portions of hver about 1 grm m weight Test-tubes were fitted with 
rubber stoppers havmg pieces of glass tnbmg about 3 ms long passmg 
through them to act as reflux condensers In each test-tube was placed 
1 c c of 60 p c KOH , the stoppers were fitted, and the tubes weighed 
They were then placed m the water bath When a sample of hver was 
cut out for estimation, it was put immediately mto the tube After 
15 mmutes m the water bath the tube was cooled and weighed agam 
The tube was then put back m the bath for 2-3 hours, and the estimation 
completed by Pfluger’s method The precipitation of glycogen was 
earned out m centrifuge tubes and the precipitate was collected and 
cleaned by centrifugation instead of filtration Amounts so low as 
0 05 p c glycogen were estimated m this way Evans^e) has recently 
pomted out that a very large error enters mto the determmation of 
small amounts of glycogen (at least so far as muscle glycogen is con- 
cerned), apparently due to the solubihty of glycogen m 60 p c alcohol 
Our glycogen estimations are therefore probably low, smee, however, 
we habitually observed a higher figure for glycogen at the end of the 
perfusion, usually findmg the hver free from glycogen at the begmnmg, 
It IS also probable that the error had the effect of makmg the mcrease 
of total carbohydrate appear less than it actually was 

(6) Betenmnahon of free sugar tn hver hssue This was estimated by 
placmg a weighed piece of hver tissue, about 1 grm , m 5 c c of ice-cold 
70 p c alcohol m a centrifuge tube of 15 c c capacity The hver was cut 
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up into small pieces, and the fine scissors used for this were washed with 
a further 4 c c of the 70 p c alcohol, the washmgs hemg added to the 
tube The small pieces were then crushed with a glass rod and the glass 
rod washed with a further c c of alcohol, the washmgs agam hemg 
added The tube was corked and allowed to stand for 1 hour At this 
stage the tube con tamed 1 0 grm liver and 11^ c c alcohol The tube 
was then spun m a centrifuge, bemg balanced agamst a tube contammg 
water Some alcohol was lost by evaporation durmg the spmnmg, and 
this was replaced by addmg alcohol until the two tubes were agam of 
equal weight 10 c c of the alcohohc extract were removed with a 
pipette, and the alcohol was evaporated on a water bath The viscous 
residue was taken up m 8 c c water and the protem precipitated with 
2cc of05pc dialysed iron The precipitate was removed by filtration 
and the sugar m the filtrate estimated by the Shaffer-Hartmann 
method , 

(c) Determination of total carbohydrate This was ordmarily estinia e 
as the sum of the free sugar and the glycogen in the liver The free sugar 
havmg been determmed in the supernatant fluid as described, the resi ue 
in the centrifuge tube was used for determmation of glycogen 
was placed m a water bath to remove the alcohol, lOccGOpc ^ 
added, and the glycogen estimated as described above Even m a liver 
from a dog fed on an ordmary diet the sum obtamed m this way on 
one sample is fairly representative of the whole liver, as the o 


example shows 

Glycogen Free Eugtir 

Lobe pc. pc 

A 3 790 1 199 

B 4 724 0 639 

C 4 002 0 004 


Total 
pc 
4 905 
6 203 
4 000 


In the livers of dogs fed on a fat diet, prepared d^cribed thert 
was usually no glycogen, for the small amount present e 
undergone lysis durmg the period before perfusion began 
was present m correspondmg amount, and m order to re uce 
possible, a portion of blood at room temperature was f J 
the liver once and was then discarded The f " ^riner 

removed until this had been done The per usion o e r ^ 

with oxygenated blood at 37“ C ^n th lobe 

figures sLw that the percentage of total these 

removed represents the percentage m other parts of t ^ 

two experiments samples were taken from all four lobes of the 
the excess of free sugar had been washed out 
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Free sugar 

LoFe Glvcogen p-c. 

Exp 1 A <>060 

B „ O-06S 

C „ CKWl 

D „ 0K)53 


Free sugar 

Lobe Glrcogen p c. 

Exp 2 A 2^ 0-035 

B „ 0-029 

C „ 0^130 

D „ 0<130 


Tiiore remauiGd the possibility tbat carbobvdiatc existed in tie 
brer other than glvcogen and free sugar In a bvet from a dog fed on 
a normal diet ire determined the carbohydrate present after prolonged 
hvdrolvsis of a portion of kver tissue m 5 p c HCl followed by defecation 
with sodium tungstate and compared it with the sum of glycogen and 


Ghvomn 

Free suear 

Sam 

Total carbobvdrate 
after hexirolysis 

p-e. 

pc." 

p-c. 

p-c. 

310 

3-06 

6-16 

6 25 

312 

2 9S 

610 

6-67 




— 

6 02 


The sugar determmations m the solutions obtamed after hvdrolvsis 
of the hver were apparently hmdered by the presence of substances 
not removed by the Folm-ITu protem precipitation, the figures given 
are m each case the mean of several smgle detenmnations varying 
considerably from one another We concluded that even m the case of 
a hver conta inin g as much as 6 p c of carbohydrate, that portion not 
occumng as glvcogen or glucose cannot be detected with certamty, and 
that m hvers containing less than 1 p c it may therefore be neglected. 

The increase in carbohydrate during jperfusion Durmg the course of 
a perfusion lastmg from I to -1 hours it was found that the total carbo- 
hydrate present m the system mcreased, rapidly at first and more slowly 
later In experiments m which oedema occurred, after about 90 mmutes 
the mcrease was entirely arrested, while m others where there was 
evidence of the persistence of a good functional condition the nse was 
maintamed to the conclusion of the experiment The foUowmg are 
two examples, these are described m detail to show m particular tbe 
method of amvmg at the figure for the total carbohydrate The initial 
total was always obtamed m two ways Tbe final total was usually 
only determmed m one wav as m Exp 3, but m Exp 4 it was detennmed 
m two wavs 

Erp Z Dog 10 kgm Fed on mutton fat only for 6 days 

Liver, initial weight before a lobe was removed, 274 grm This was 
perfused once with 150 c c blood to wash out excess of free sugar, 
of this blood 56 c c remamed behmd m the hver, so that the total we^t 
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of liver and blood was 330 grm A lobe was now cut off for analpis, 
weight 98 grm , and perfusion begun with 370 c c blood in remainder 
The actual liver perfused was taken to be 232 grm less the amount of 
32 grm subsequently determmed as bemg the weight of the gall bladder, 
portions of diaphragm, and connective tissue The determmation of 
total carbohydrate m the lobe removed gave the results 


(a) Glycogen ml, free sugar 0 180 p c 

(b) „ „ 0 180 „ 

(c) ,, ,, 0 178 ,, 

(d) „ „ 0 180 „ 

The determmation of sugar m the blood used for the perfusion gave 
the result 0 096 p c Hence imtial total of carbohydrate m the system 
was 

(a) In hver, 200 grm with 0 180 p c = 360 mg 

(b) In blood, 370 c c with 0 096 p c = 355 mg 

Total = 716 mg 

The second estimation of this figure was obtained by ei.8minmg ^6 
blood sugar after the perfusion had been m progress for 6 mmutes 
mterval aUowed a sufficient time for the free sugar m the hver to be 
evenly mixed with the sugar m the blood The sample was taken from 
the blood entermg the liver and found to be 0 122 p c , calculating e 
total amount m 670 grm , this bemg the sum of weights ““ 

blood, there was found to be 695 mg , a figure agreemg well vitb 
previous estimate 

At the end of 1 hour’s perfusion, durmg which the blood was po 
fully reduced durmg passage through the liver and a flow of bde » 
rate of four drops a mmute was observed, the sugar m the circ g 

blood had risen to 0 245 p c , at the end of 2 hours 2o 
experiment was stopped, and the total carbohydrate ogam detc™ 

The estimation of sugar m the hver bemg V 

after the perfusion was stopped and the blood 

pamto. 200 0 0 of aogar-fraa Ko.ger were *» P'f ’ ^ J " 

and were then added to the blood In tJm way the 

sugar was transferred to the blood The remammg ^^er sugar and 

Wood anger were the. de.ermn.ed The l.« trace of augar m tl 

apparatJwere ealenlaW by cwoul.t.og 100 oc «f -S- ™ 

for a few mmutes, and estunatrag the sugar present aftc _ .rn p c 

Smeitt blood volume, mcludmg the 200 c c of Rmger, was 4i0 c c , 
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evidentlv 270 c c vras tie volume actuallj* petfusmg tie irer before 
tie perfusion ended. 34: c c iad been removed durmg tie experiment 
ience tiere were 66 c c of blood less tian at tie begmnmg Tie iver 
veigitj ioirever, iad mcreased by 55 gnn., so tiere must iave been a 
loss of 11 c c of water by evaporation m tie oxygenating system 

Tie figures for tie iver sugar m difierent lobes were (a) 0 145, 
(h) 0 079, (c) 0 049, (d) 0 066, tie mean of tiese was 0 085 p c , givmg 
on 255 grm iver, a total of 217 mg Tie total carboiydrate at tie end 
was found to be 

In blood 1134 mg 

In iver 217 , 

Removed during experiment 81 , 

Total 1432 „ 

Hence after 21 iouis perfusion TIT mg appeared wiici were not 
present before, no aUowance bemg made for loss of sugar by glycolysis 
or for usage of sugar bv tie iver’s own metaboism 

Erp 4 Cat 3 0 kgtm Fed on cream for 4 days 

Imtial carbohydrate (a) Tie iver when prepared was found to be 
glycogen-free, and three samples m whici sugar determinations were 
made gave tie result (a) 0 153 p c , (6) 0 144 p c , (c) 0 I2l pc or an 
average of 0 140 p c The blood also contamed 0 140 p c sugar 

Hence 0 140 p c sugar m a total of 56 grm. iver is 78 mg 
and 0 140 p c sugar m a total of 200 c c blood is 280 , 

In aU 35S , 

(6) After 5 mmutes perfusion tie blood contamed 0 146 p c sugar, 
and tils m 256 grm , tie weight of iver and blood, represents a total of 
373 mg 

f \nal carbohydrate (a) After 3 hours’ perfusion tie blood contained 
0 288 p c sugar, 14 c c of blood were removed durmg tie perfusion, 
ience the weight of blood and iver was 242 grm The total of sugar was 
therefore, 697 mg , to which must be added 25 mg found in tie 14 c c 
of blood removed Hence the final total was T22 mo 

fb) By washmg the sugar out of the iver with sugar-free Emger 
as m Exp 3, and addmg the washmgs to the blood, a total of 671 ms 
was found m the blood Determmation of the iver sugar gave 0 078 p c 
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as the average of the four figures 0 090 p c , 0 091 p c , 0 064 p c and 
0 067 pc On 68 grm hver this was a total of 53 mg sugar The blood 
removed durmg the perfusion and the last traces m the apparatus 
contamed 52 mg sugar Hence, by this procedure, a figure for the final 
carbohydrate total of 671 + 53 + 52 = 764 mg was obtamed 

Summarismg, the mitial carbohydrate was (a) 358 mg , (b) 373 mg , 
the final was (a) 722 mg , (b) 764 mg The evidence is therefore strong 
that a rise of at least 349 mg m the carbohydrate content occurred 
We have observed this phenomenon m 22 experiments, in Table I 
appears a summary of the last eight which were performed It will be 
seen that in all cases the two figures for the mitial carbohydrate agree 
closely, and that the difference between them is very small when com- 
pared wuth the rise m carbohydrate observed 


Table I 


Carbohydrate m mg 

» , Penod 


Initial 


Animal 

a 

b 

Dog 

633 

659 

Cat 

762 

801 

Dog 

1960 

1944 

Cat 

877 

868 

Dog 

487 

433 

»> 

1040 

1014 

Cat 

798 

767 

Dog 

— 

997 


Final 

Gam 

of 

perfusion 

hours 

1186 

020 

1 6 

1240 

446 

26 

3069 

1119 

1 6 

1211 

334 

1 5 

907 

420 

10 

2113 

1007 

1 6 

1201 

4p3 

20 

2650 

1653 

30 


Hormone present 
None 


Insnlin 

Pitnitarj extract 

(Depancreatiscd) 

Adrenaline and insuUn 


Influence of hormones It was surprismg to find, as appears frimi 
Table I, that the production of sugar was not appreciably influenced bj 
the presence of those hormones knotvn to have an action in car o 
hydrate metabolism One experiment, the begmning of which appears 
m Table I, was performed on the liver of a cat from which the pancren 
had been removed three days before^ The cat s own blood was use 
perfusion fluid together with the blood of two normal cats uhich la 
no food for the previous 24 hours The rise of blood sugar uas as follows 


Time 

6 mins after beginiung 
S5 

05 f ,* 


Blood sugar 

Rise 

pc. 

pc. 

0 271 

— 

0 304 

0-093 

0 400 

0 042 


20 units of insuhn added 

95 mins after boginmng 
125 


0 432 
0 434 


0 020 
0 002 


1 This opemtion was hindly performed bx Dr H H Dale 
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The successive diminution oi the half-houi tise m. blood sugai vfbicb 
IS recorded here, vre observed m many experiments, and tbe figures 
give no evidence that the addition of msuhn mhibited sugar production 
An experiment oi greater value rvas periormed on tbe bve? oi a dog, 
m 'whicb, after a large rise of blood sugar durmg the first half-hour, 
a uniform rise of blood sugar took place durmg five subsequent half- 
hour periods Durmg this tune adtenahne and msuhn viete both added 
m order to discover vhether it rvas possible to produce m the perfused 
organ the considerable accumulation of glycogen observed m the mtact 
animal by MeCormiek, bloble and O’Brienqo) It vras found that 
the addition of these hormones m no way afiected the rise cf blood 



Tune 


Blood sugar 
pc. 

Rise p-c. 
m 30 nuns 

Hormone 

6 mms, after zero 

om 

— 

— 

35 



0 264 

0-088 

— 

65 


t 

0 302 

0 038 

10 nmts msulm 

0-1 mg adrenaline 

86 

)> 


— 

— 

0 2 mg adrenalme 

93 



0 340 

0 038 

— 

105 


«» 

— 

— 

0 2 mg adrenalme 

125 



0 382 

0-042 

130 

»> 


— 

— 

10 units insulin 

0 2 mg adrenalme 

185 

■ 


0 462 

0 080 

(m 60 nuns.) 

— 


The rise in the reducing power of the blood In the expernnente de- 
scnbed vre have spoken of a formation of sugar when the observation 
made has been of an mcrease in substances reducmg copper Holden(li) 
has shown that when glucose is estimated in this way m a flmd con- 
tammg ammo-acids the value obtamed may be too high, the error 
amountmg to 10-15 p c He found that the method of Hagedorn and 
Jensen was unafiected by the presence of most ammo-acids m moderate 
concentration Smce m a liver perfusion it was extremely likely that 
ammo-acids were present, we compared the rise m the reducmg power 
as estimated by the Shaffer-Hartmann method, which we ordmarily 
used, with that estimated by the Hagedorn- Jensen method 

First espeninent 

Rise m reducing porrer expressed 
in mg per 100 c.c blood 


Tune 

ShaSet Hartmann 

Hagedorn-Jensen 

lat half hour 

64 

66 

2nd „ 

24 

27 

3rd „ 

21 

1C 


00 
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Rise in reducing power expressed 
m mg per 100 aa blood 

, * — ^ 

Shaffer Hartmann Hagedom-Jensen 

38 45 

42 42 

80 83 

ICO 170 

The figures show that the reducing power estimated by Shaffer- 
Hartmann does not differ appreciably from that estimated by 
Hagedorn- Jensen, it is therefore probable that the reducing power 
determmed is that due to sugar alone 

Glycogen formation It is mterestmg to note that the formation 
of glycogen m a perfused liver was first observed by Luchsinger(i2), 
though that careful observer pomted out that his evidence depended 
on the assumption of an even distribution of glycogen throughout the 
different lobes This assumption has smee been shown to be justified y 
several workers, notably Grube(i3),MacleodandPearce(i4) Grube (15) 
and Barrenscheen(i6), workmg on the dog liver, observed glycogen 
formation, though it only occurred when at least 0 5 p c sugar was 
present m the perfusmg blood 

In our experiments we have usually found a small glycogen tor- 
mation m the fivers of cats, and have occasionally observed it m those 
of dogs, although mitially no glycogen was present, and although e 
blood sugar was not greater than 0 2-0 4 p c Thus, out of slx 
ments on cat livers, an amount of glycogen between 0 10 and 0 2 p 
was found at the end m five cases 


Second experiment 


Time 

3rd half hour 
4 th „ 

5th) 

Cthi ” 


The Origin of the Sugar 

Lactic acid It has been shown by Baldes and SilbersteindT) that 
m the perfused liver of the phloridzmised dog, sugar 
appearance comcidently with the disappearance of an J 

acid enough to account for the sugar We have, therefore, dfermmeU 
the changes m the amount of lactic acid m the blood durmg c 

The lactic acid was estimated 
blood filtrate, by the von Furth-Chamass 
removal of the sugar and other mterfcrmg substances by m 

sulphate and hme, as described by ClausenPS) 

The method consists, brieflv, m ovidismg th 
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acidified solution at tlie temperature of tlie boilmg water-bath, with 
NjlQQ potassium permauganate, the acetaldehyde formed bemg caught 
m a solution of sodium bisulphite 

After destruction of the excess of bisulphite with lodme solution, 
saturated sodium bicarbonate solution is added, and the bound bisulphite 
titrated with NjlDO lodme 

The accuracy of the method was considerably mcreased by the use 
of a new form of micro-aeration apparatus, employmg absorption tubes 
of special construction which enabled the total volume of absorbmg 
hqmd to be reduced to 4 c c , so that Kj200 lodme could be used for the 
titration Each cc of this lodme solution was taken to represent 
0 25 mg of lactic acid 

It IB hoped shortly to publish a description of the apparatus m 
connection with a modified method for the determmation of lactic acid. 

ResitlU 


Exp 5 Dog Fat diet 7 days 



Tune 

Blood sugar 
p c. 

Lactic acid 
mg per 100 C.C. 


Alter 5 nuns perfuaioii 

0200 

315 


55 „ 

0 332 

24-0 


65 „ 

0-382 

27 5 

Erp 6 

Cat Pancreas removed 3 days before 



Time 

Blood sugar 
p-c. 

Lactic Bad 
mg ppr 100 e-c. 


Alter 5 mms. perfumon 

0-271 

435 


35 

0-364 

440 

Exp 7 

Dog Fat diet 16 days 

Time 

Blood sugar 
p-c. 

Lactic acid 
mg per 100 c-C. 


Alter 6 mms. perfunon 

0176 

715 


35 

0-264 

63 5 


65 

0-302 

35-0 


S5 

0 340 

350 


125 

0-382 

345 


These experiments all show that the production of sugar is m no way 
accounted for by a disappearance of lactic acid, m Exps 5 and 6 the 
lactic acid changes are trivial or absent, m Exp 7 there was mdeed a 
disappearance at the rate of 18 mg per 100 c c durmg the first two half- 
hour periods, but the evidence suggests that this was not due to a. 
con^erslon mto sugar The sugar production was the same durmcr the 
second, third and subsequent periods, so that the origin of the suean 
was presumablv the same throughout this time, smce during the tluri 
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Second expenment 

Rise in rediiamR 
in mg per 1 

power expressed 
()0 0 0 blood 

A 

Time 

3rd half hoar 

4th „ 

6th) 

6th \ 

Shaffer Hartmann 
3S 

42 

80 

Hagedom Jensen 
45 

42 

83 


180 

170 


The figures show that the reducing power estimated bj Shaffer 
Hartmann does not differ appreciably from that estunated by 
Hagedorn-Jensen, it is therefore probable that the reduomg power 
determmed is that due to sugar alone 

Glycogen fonnatxon It is mterestmg to note that the formation 
of glycogen m a perfused liver was first observed by Luchsinger(i2), 
though that careful observer pomted out that his evidence depended 
on the assumption of an even distribution of glycogen throughout the 
different lobes This assumption has smce been shown to he justified by 
several workers, notably 6 r ub e (13), Macleodand Pearce (M) G r ub e(]i ) 
and BarrenscheenCic), working on the dog liver, observed glycogen 
formation, though it only occurred when at least 0 5 p c sugar was 
present m the perfusmg blood 

In our experiments we have usually found a small glycogen for- 
mation in the livers of oats, and have occasionally observed it in those 
of dogs, although mitially no glycogen was present, and although the 
blood sugar was not greater than 0 2-0 d p c Thus, out of bix erperi 
ments on cat livers, an amount of glycogen between 0 10 and 0 23 p c 
was found at the end m five cases 

The Origin of the Sugar 

Lactic acid It has been shown by Baldes and Silberstein(ii) that 
m the perfused bver of the phloridzmised dog, sugar may make its 
appearance comcidently with the disappearance of an amount of lactic 
acid enough to accoimt for the sugar We have, therefore, deternunc 
the changes m the amount of lactic acid m the blood durmg the course 
of liver perfusions 

Method of estimation The lactic acid was estimated m the " 

blood filtrate, by the von Ftirth-Chamass oxidation method, alter 
removal of the sugar and other mterfering substances by means of copp 
sulphate and lime, as described by Clausen(i9) 

The method consists, briefly, m osidismg the lactic acid m 
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acidified solution at tlie temperature of tlie boiling water-batb witb 
A''/200 potassium permanganate, tbe acetaldebyde formed bemg caugbt 
in a solution of sodium bisulpbite 

After destruction of tbe excess of bisulphite with lodme solution, 
saturated sodium bicarbonate solution is added, and the bound bisulphite 
titrated with NjiOQ lodme 

The accuracy of the method was considerably mcreased by the use 
of a new form of micro-aeration apparatus, employing absorption tubes 
of special construction which enabled the total volume of absorbmg 
hquid to be reduced to 4 c c , so that Nj20Q lodme could be used for the 
titration Each cc of this lodme solution was taken to represent 
0 25 mg of lactic acid 

It 18 hoped shortly to pubbsh a description of the apparatus m 
connection with a modified method for the determmation of lactic acid. 


Results 


Exp 5 Dog Fat diet 7 days 

Blood sugar 

Lactic acid 

Tune 

P.C. 

mg per 100 c o. 

Alter 5 minB. perfuaioii 

0 200 

315 

36 

0 332 

24 0 

66 

0-382 

27 6 

Erp 6 Cat Pancreas removed 3 days before 


Tune 

Blood sugar 

Lactic acid 

p-c. 

mg per 100 c.c. 

Alter 6 mms. perfumon 

0-271 

43 6 

36 

0-364 

44-0 

Exp 7 Dog Fat diet 16 days 



Tune 

Blood sugar 

Lactic acid 

p.c. 

mg per 100 c.c. 

Alter 6 nuns, perfusion 

0176 

715 

35 

0-264 

63 6 

65 

0-302 

350 

05 

0 340 

360 

125 

0-382 

346 


These experiments all show that the production of sugar is m no way 
accounted for by a disappearance of lactic acid, in Exps 5 and 6 the 
lactic acid changes are trivial or absent, m Exp 7 there was mdeed a 
disappearance at the rate of 18 mg per 100 c c durmg the first two half 
hour periods, but the evidence suggests that this was not due to a. 
coniersion mto sugar The sugar production was the same durme the 
second, third and subsequent periods, so that the origm of the mmar 
was presumably tbe same throughout this tune, smee during the tlSi 
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and fourth periods there was no change in lactic acid, it seems fair to 
suppose that the diminution m the second period was unconnected with 
the sugar formation 

Relation of sugar to mea and ammonia nitrogen At this stage it 
seemed likely that the sugar produced ongmated from protem under- 
gomg breakdown m the course of the perfusion To mvestigate this 
possibihty, determmations were made of the rise of urea and ammonia 
nitrogen side by side with determmations of the sugar 

If aU the carbon m the protem molecule be re-combmed so as to form 
dextrose, the ratio of dextrose produced to nitrogen set free m the form 
of urea and ammonia cannot be greater than 8 3 The highest values ever 
observed by Lusk are m the neighbourhood of 4 0 In our earlier 
experiments we determmed the nitrogen both m hver and m the blood 
at the begmnmg and at the end, amvmg at figures for the mitial and fina 
total The results showed that the percentage of urea and ammonia 
nitrogen m the blood, once the perfusion had begun, could be taken to 
represent the percentage m the system of hver and blood, just as m t e 
case of sugar Accordingly, m the later experiments we confine our 
attention to the estimation of both sugar and nitrogen m blood samp ss 
withdrawn from the apparatus at different stages of an experiment 
Methods The method which we employed was substantially that o 
Folin and Wuao), but one or two modifications should be noted 

Firstly, the use of the micro-aeration apparatus previously men- 
tioned, for the removal and collection of the ammonia . 

digestion with urease, permitted the use of small quantities o ° , 

the determination Thus, from 1 to 5 c c of the Fohn-^ u oo . 
was placed m the reaction flask, together with sufficient water o 
a total volume of 5 c c , and then two drops of sodium p)uop ^ 
solution and 1 c c urease solution (freshly prepared om soy 
m accordance with Folin’s duect.ons) were added The flask wa ^ 
connected with the apparatus and immersed m a ° ^ 

40° C for 16 to 20 minutes, after which the ammonia wa 

the addition of 2 c c of a saturated solution of "o ^rp 

and carried over by a current of ammonia-free air, m 

tion tubes, each containmg 2 c c of N/lOO . ^^“TAcpt 

aeration, which lasted for half an hour, the w ater m the beaker 

gently boilmg titrating with alknh 

The prmcipal objection to the usual method of 

the excess of acid in the absorption tubes is ^l^ercforc 

a sharp end-point with the usual mdicators Ad%nnta,, 
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taken of tke fact tkat m the presence of an excess of potassium iodide 
and of potassium lodate, the free acid liberates hjdriodic and iodic 
acids, ivhich mteract mth the formation of lodme Thus, three drops 
each of saturated solutions of potassium iodide and lodate were added 
to each tube, and the liberated lodme titrated with NjlQO sodium thio- 
sulphate and starch solution 

The reaction may be formulated thus 

3H2SO4 + 5 KI ^ KIO3 = 3K3SO4 - 3 EUO ^ 3 L , 

from which it is seen that the excess of acid bberates an eqmvalent 
amount of iodine The acid neutralised by the ammonia is then obtamed 
m the usual manner by subtractmg the titration figure from the amount 
of acid employed (expressed m terms of iY/200 thiosulphate), namely, 
4r c c , and each c c of this represents 0 07 mg mtrogen A blank 
experiment should be carried through, as the urease solution may 
contam appreciable quantities of ammoma 

By this method 0 1 mg of mtrogen, 1 e the amount normally present 
m ^ c c of blood, may be estunated withm an error of about 5 p c 
The estimations of ammoma and urea mtrogen m the liver were 
earned out on portions of the protem-free solution as used for estimation 
of the sugar, and call for no special comment 

Special attention was paid to keepmg all apparatus free from traces 
of heavy metals, since it was found that these rapidly destroyed the 
activity of the urease 

The followmg results were obtamed m an earber experiment 
28 vu 25 Perfusion of liver of fat-fed cat 


1 Urea and ammoma mtrogen 

(а) In ongmal blood 20 65 mg per 100 c c 

In hver sample 32 00 „ „ 

Ongmal blood was 245 c c m amount, while hver perfused weighed 
55 grm Hence total X = 50 6 — IT 6 = 6S 2 mg 

(б) In blood after 5 mmutes’ perfusion there were 24 1 mg per 100 c c 
Eeckonmg this as evenly distributed m the combmed weight of hver 
and blood, i e m 300 grm , the total is 72 3 mg The two figures for the 
mitial total thus agree closely 


(c) In blood after 4 hours perfusion 36 95 mg per 100 c c Eeckon- 
mg this as distributed m the liver and blood, j e m 300 grm the total 
is 110 8 mg Hence rise m mtrogen = 42 6 mg The nse m sugar durmu 

•“ "S - ' ' mg th! 

ratio of 


mtroiren 


was = 10 6 
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Subsequently we compared the rise of urea and ammonia nitrogen 
in blood samples withdrawn durmg perfusion with the rise m blood 
sugar We were careful m aU experiments to detenmne the total carbo- 
hydrate m the system before the perfusion began, so that we knew with 
certamty that the rapid rise of sugar m the first half-hour was due to 
fresh formation and not to washing out from the liver 

The foUoTving is an example 

Exp 8 Dog on fat diet 7 days 

The liver sample contained no glycogen Total carbohydrate m system 
By method (1) (see p 604) 746 mg 
By method (2) 831 mg 

The agreement between these figures indicates that they are approxi 
mately correct, and that the rise of blood sugar after 35 mmutes is a 


production of sugar de novo 


Blood nitrogen 
mg per 100 c c. 


Blood sugar 

^ 

(i) 

Tune 

mg per 100 C.C. 

(a) 

After 5 minutes 

109 

96 

96 

36 „ 

220 

12 3 

12 8 

65 „ 

268 

14 6 

16 6 

96 „ 

208 

173 

18 3 

Durmg first half-hour 

the value of 

dextrose 

nitrogen 

in 

IS JJ-- 


= 35 8, and 

durmg the second half-hour the value is ^ = 20 Durmg the thud half 
hour the value is 0, for no rise of sugar took place, on the other hand, the 
rise of mtrogen was similar to that m the second and first half-hours 
The remamder of the results which we have obtamed m these ways 
(with the exception of three to be discussed m the next section) arc 
summarised m Table II 

Table II 


A 


Ammal 

Period 


D/N 



Exp 

19 

Cat 

3 hours 

87 



20 

ft 

80 minutes 

10 3 







D/A ratio m 

half hour penods 

B 


Animal 

let 

2nd 


3rd 

4th 

Exp 

0 

10 

Dog 

175 

90 

68 

40 


20 

I’O 


11 


9 7 

02 


— 

■ — 


12 


90 

72 


9 2 

‘ — 


13 


14 G 

4 0 


22 

■ — 


14 


45 0 

14 0 


4 0 

19 1 


16 

Cat 

19 4 

11 4 


10 7 

— 


1C 

Dog 

25 0 

00 


7 8 



17 

Cat 

12 0 

30 


0 4 



18 

Doc 

17 0 

0 8 


84 



atb 
14 7 
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If -we add to the figuies m Table 11 those obtained in espenments 
described in detail above and hereafter, a total of 47 detennmations of 
a D/N ratio have been made, of -which 32 exceed the value 8 3 In seven 
cases the ratio has exceeded the -calne 17 The results display no direct 
relationship of any kmd between -the nse of reducmg power of the blood 
and that of the urea and ammonia nitrogen, mdeed, there were cases 
where it seemed that an mverse relationship might exist In Exp 9 
in Table If m which ratios for five haU-houx periods are shown, the low 
ratio m the thud period was due not only to a smaller sugar production, 
but to a greater nitrogen production than before or later, this was also 
the case m Exp 14 of Table 11 

In three experiments not recorded above we have obtamed figures 
for (a) the rise of blood sugar, (b) the rise m urea and ammonia pitrogen, 
(c) the lactic acid content of the blood 

Exf 19. Dog 7 kgm On fat diet 8 days 

Imtial carbohydrate m system by first method, 1046 mg 

Imtial carbohydrate m system by second method, 1014 mg 


lime 


After 5 mins, perfnsioa 
35 
65 



Xitiogen m mg 


Sagat 

per 100 c,c. 

Lactic acid 

200 

12 0 

315 

332 

211 

24-0 

382 

27-0 

27 5 


In the period from o to 35 mmutes, 7 5 mg of lactic acid disappeared. 
If it IS assumed that this was converted to sugar, the production of sugar 
from other sources was 124 5 mg The ratio of this to the nitrogen nse 
of 9 1 mg gives the value 13 6 In the period 35 to 65 mmutes there was 
no disappearance of lactic acid, and the relation of sugar to mtrogen 
IS 8 4 


Exp 20 Dog 9 kgm On fat diet 15 days 


Time 

Sugar 

Xitrogen m mg 
per 100 C.C. Wood 

Lactic acid 

After 5 nuns, perfnaon 

176 

94 

71 5 

35 „ 

264 

14 85 

635 

05 

302 

20-35 

350 

95 ,, 

340 

25 15 

350 

125 ,, 

382 

27 85 

346 

185 , 

462 

33 20 



In the penod 5 to 35 mmutes, 18 0 mg lactic acid disappeared If 
we assume this converted to sugar, then the production of sugar from 
other sources is 70 mg The ratio of this to the nse m E is P 8 In the 
second period, a simdar calculation gives DA' = 3 6, m the tLd penod 
DA =8 0, and m the fourth period BfS = 15 3 ^ 


PH LXI 


34 
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In thjs experiment tlie sugar determmations were done by two 
methods, each method bemg used to obtam four estimations of each 
sample , the lactic acid and mtrogen figures were obtained m duplicate, 
the agreement between duphcates bemg close m all cases. The sugar 
production persisted at a uniform rate for 2| hours after the end of the 
first half-hour perfusion, and no sign of cedema was observed m the liver 
Consequently we attach considerable weight to the figure of 16 3 as 
expressmg the ratio of sugar to nitrogen produced during the fourth 
period m which there was no change m lactic acid 

Finally, we have carried out one experiment on the liver from a 
depancreatised cat In this case, too, we have figures for sugar, nitrogen 
and lactic acid durmg the first half-hour’s perfusion Durmg this time 
there was no change m lactic acid, while the relation of sugar to nitrogen 
was 11 2 

The 'production of acetone bodies In all experiments a large production 
of acetone bodies was observed The estimation was carried out by the 
method of van Slyke and Fitz(20), the precipitate of the mercury 
acetone compound bemg filtered through a Gooch crucible and weig e ^ 
We found the method quite satisfactory, though Laufbergerpi) sap 
that he obtained negative results Table III shows the extent o t e 
formation, and that the production was not obviously mfluenced y 
presence of insuhn Laufberger(2i) states that the msulm proven 
acetone body formation m the perfused hver , he was not, ’ 

perfusmg the livers of fat-fed animals We propose to mvestigate 

the relationship between acetone body formation and sugar pro uc 


Table IH 


Exp 


Exp 


Time 

After 6 mms. jierfusion 
36 
65 

After 6 Tnins perfusion 
36 
65 


Acetone bodies reckoned 
03 p hydroxy batync 
acid m mg per 
100 c c 
Trace 
48 
95 


Dextrose 
in mg per 
100 c c. 
62 
135 
174 


13 

49 

100 


79 

132 

164 


Hormone 

l^ono 


20 units insnlm 


Discussion 

In the experunents described we have repeated 

E mb den that a hver removed from the body an we have 

from the same species produces sugar m importan j,onr 

found that the rate vanes from 2 to 4 mg sugar per grm 
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In Emb den’s experiments tins prodnction ceased after a short interval, 
though It could he renewed by replacmg the blood with a fresh lot 
"While we found a similar cessation of prodnction m many cases, this 
was not mvanable, and m those cases where the conditions of perfusion 
were the best, the sugar production was most prolonged, we came to the 
conclusion that the cessation of sugar production observed by Embden 
was an mdication, not that the source was exhausted, but that damage 
to the hver cells had occurred We are mchned to thmk that an important 
addition to the blood m a hver perfusion is a certam small concentration 
of adrenahne, this was present m one experiment m which a steady 
sugar mcrease was observed for 3 hours, its importance m mamtammg 
proper cuculatory conditions m the hver capiUanes may be the ex- 
planation of the renewed sugar production m Embden’s experiments 
when a fresh lot of dehbrmated blood was used. 

Out experiments differ from those of Embden m that we obtamed 
hvers imtiahy almost carbohydrate-free by feedmg the animals on an 
exclusively fat diet Moreover, we have been able to show that the 
sugar formed does not ongmate from lactic acid as Bornstein and 
Griesbach(4) have suggested, and further that a large part of it at least 
cannot come from protem A consideration of our technique makes it 
unlikely that the sugar comes from any diSusible constituent of the hver 
imtially present such as glycolhc aldehyde (22) or di-oxyacetone(23), 
because it was our practice to wash out all such substances with a portion 
of blood, which was allowed to perfce the hver once, and was then 
discarded The success attending this procedure appears from the fact 
that m early cases, m which it was not carried out, the percentage of 
free sugar m the hver was 1 1-1 4, while m all later experiments, the 
washing through reduced this concentration to about 0 1 p c 

It seems to us that these observations must be considered in forxnmg 
any opmion on the much-debated question of whether carbohydrate 
can be formed from fat It was impossible m our experiments to obtam 
evidence that there was such a disappearance of fat as would account 
for the sngar found, because the total of fat was so large and the per- 
centage m different lobes of the hver vaned considerably. Nevertheless 
we know of no other sonrce from which the sugar could have come 
It may be significant that our results with the hvers of fat-fed 
anunals resemble closely the result on the one hver we took from a de- 
pancreatised animal There was the same sugar production, unaccounted 
for by changes m lactic acid content or by appearance of urea and 
ammoma nitrogen in both cases Geelmuyden(24)ha3alreadysuggested 

34—2 
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that the chief error of metabolism m diabetes is a contmuous over- 
production of sugar by the bver, following this it is easy to unagme 
that we have in these experiments a demonstration of what is taking 
place m the body when the carbohydrate economy is upset by a lack of 
either carbohydrate or of the pancreatic hormone 

Our experiments m which msulm was added to the blood did not, 
indeed, give evidence of an inhibitmg action on the new formation of 
carbohydrate This failure, however, can hardly be held to weaken the 
evidence of this action from experiments of other kmds Theproduction 
of carbohydrate varied so much, and tended so often to dechne during 
the course of an experiment when nothmg was added to the blood, that 
it was not possible to predict with certamty, m any one instance, the 
course of events if msulm had not been added The failure to demonstrate 
this effect is comparable to that of most observers who have endeavoured 
to detect, m experiments on the perfused liver, the glycogen storage 
which msulm undoubtedly promotes m the diabetic animal 

Summary 

1 When a liver taken from a cat or dog fed on a fat diet is perfused 
with blood from the same species there is a production of reduemg sugar 
at a rate of from 2 0 to 4 0 mg per grm of liver per hour A small 
formation of glycogen is demonstrable 

2 This sugar does not come from lactic acid 

3 Determination of the ratio of sugar produced to nitrogen pro 
duced m the form of urea and ammonia shows that only a small fraction 

of the sugar can come from protem 

4 The procedure adopted makes it improbable that the sugar 
originates from any diffusible constituent of the liver 

6 The production of sugar is not obviously mfluenced by msulm, 

adrenalme or pituitary extract . 

6 One liver taken from a depancreatised cat ga\ e a similar tmu 

7 The perfused livers usually produced a steady secretion o i o 
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THE PERIPHERAL INNERVATION OF THE VESSELS 
OF THE EXTERNAL EAR OF THE RABBIT 

By W FELDBERG {Berlin) 


{From the Physiological Lahoralory, Cambridge ) 


Axthough the demonstration of the alteration of the cahbre of the 
vessels m the rabbit’s ear furnished one of the earhest proofs of the 
existence of vaso-constrictor fibres, there still remams considerable 
uncertainty as to the precise nervous supply of the vessels of this organ 
The object of the present research was to clear up these uncertamties 
as far as possible, both with regard to vaso-constnctor and vaso dilator 
fibres 

The external ear is provided with nerves from the V and VII cranial 
nerve and with nerves from the spmal cord as follows 

(1) The facialis supphes the ear muscles, some branches of which 
leave the Fallopian canal before reachmg its termmation , these are known 
as the facialis posterior 

(2) The tngermnus gives to the ear the ramus auricularis tempora 

(3) Nerves from the 11 and III cervical form the great auricular 
(or auriculans anterior) and the posterior auricular The sensory nerre 
supply of the ear consists of these fibres with the addition of the auric o 

temporal branch of the trigemmus 

Langley has suggested that the anterior auricular should be wile 
the ventral auricular and similarly, that the posterior auricular s o 
be called the dorsal auricular His reason was that the antenor auric n 
supplies the posterior part of the ear, and the posterior auricular supp 
the anterior part of the ear They were given then names ,, 

antenor (ventral) auncular came chiefly from the anterior 
branches of the H and HI cervical and the posterior (dorsal) aunc 
from the posterior (dorsal) branch of the II cervical In t is pap 
shall use the termmology suggested by Langley^ 

We could not find that the first cervical nerve sends any n 


the ear 

1 Shortly before his death. Prof. Langley worked on the bod'd 

innervation of the vessels of the rabbit’s ear He intended that hi. work and mine 
be published together After his death I finished the eipemnenU alone 
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Method The were m all cases anssthetised and tracheo- 

tomised We observed the vessels with the naked eye by transmitted 
light — ^usually electric hght but occasionally dayhght In all cases we 
were careful to ehmmate the factor of warmth 

We employed both electrical and mechanical stunuJation, usually the 
former Mechanical stimulation was simply made by compressmg the 
nerve with forceps for either 10-20 sec or else for several short mtervals 
The extxrpaUon of the swpenoT cervical ganglion This was made under 
chloroform-ether ansesthesia The dilatation of the ear vessels after the 
extirpation of the ganghon disappeared m a few days Even the next 
day only the central artery showed a small dilatation especially m its 
lower part Under normal conditions this dilatation disappeared also 
m a few days In the few cases, where the wound took some tune to heal, 
the central artery remamed dilated for a longer tune Similar observa- 
tions on the denervated hmd-legs are described by Goltz(i) 

A fortnight to two months elapsed between the extirpation of the 
ganghon and the observation of the efiect Dnrmg the process of cuttmg 
the hair on the operated and normal sides respectively it was noticed 
that the mampulation due to this procedure made the ear red more 
rapidly on the operated side than on the control, and the red colour was 
longer mamtamed Later on, when we began the chloroform-ether 
ansesthesia (the rabbits were put imder a glass beU) the ear vessels of 
the operated side dilated more quickly than the vessels on the normal 
side They remamed also longer dilated after the admmistration of the 
auffisthetic was stopped On several occasions no dilatation on the sound 
side took place if the anaesthetic was removed at the moment when the 
vessels on the operated side became dilated There appears to be a 
contrast between the efiects of chloroform-ether and those of amyl 
nitnte (Eugling(2)) 

The extirpation of the ganghon steRatum We found no mention m 
the literature of this operation on the rabbit Dr Andersonp) (whom 
I have consulted) described an extra-pleural method for takmg away the 
ganghon from the first mtercostal space m the cat The exact descrip- 
tion of the preparation of the ganghon is given by Sherrington( 4 ) 
In the rabbit it is impossible to uncover the whole ganghon from here 
and to draw it out without causmg extensive bleedmg The ganghon 
vhich is very long, hes mostly under the first rib and cranial to it Afte^ 
some practice on the dead rabbit it was easy to take it away from above 
the first nb without mjurmg the pleura The vessels m this remon utp 
B cnted the only difficulty This may be obviated by cuttmg each braLh 
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Although the demonstratioii of the alteration of the cahhre of the 
Yesselfl xn the rabbit’s ear furaished one of the earliest proofs of the 
existence of vaso-constnctor fibres, there staU remains considerable 
xmoert&mty as to the precise nervous supply of the vessels of this organ 
The object of the present research was to clear up these uncertamties 
as far as possible, both with regard to vaso-constnctor and vaso dilator 
fibres 

The external ear is provided with nerves from the V and VII cranial 
nerve and with nerves from the spinal cord as follows 

(1) The facialis supphes the ear muscles, some branches of which 
leave thePallopian canal before reaching its tennmation, these are known 
as the facialis posterior 

(2) The tngemmus gives to the ear the ramus aurioularis temporalis 

(3) Nerves from the U and HI cervical form the great auricular 
(or auriculans anterior) and the posterior auricular The senBOty nerve 
supply of the ear consists of these fibres with the addition of the aunculo 
temporal branch of the tngemmus 

Langley has suggested that the anterior auricular should be caiie 
the ventral auricular and similarly, that the posterior auricular shoul 
be called the dorsal auricular Bjs reason was that the anterior ouncolar 
snpphes the posterior part of the ear, and the posterior auricular suppli^ 
the anterior part of the ear They were given their names because t e 
anterior (ventral) auricular came chiefly from the antenor (ventra 
branches of the II and III cervical and the posterior (dorsal) auncu ar 
from the postenor (dorsal) branch of the II cervical In this paper wc 
shall use the tenrunology suggested by Langley^ 

We could not find that the first cervical nerve sends any Awes w 
the ear 

1 Shortly before his death, Prof. Langley ^rorUed on the problem of 
Jiinerration of the vessels of the rabbit’s ear Ho intended that bis vorb an 
be pnbliriied together After his death I finished the ejpenmenU alone 
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YASO-ilOTOR NERVES OF EAR 

MeHod The animals were m all cases anmsthetised and tracheo- 
tonused We observed the vessels with the naked eye by transnutted 
bght — ^usually electric hght but occasionally daybght In all cases we 
were careful to ebmmate the factor of warmth 

We employed both electrical and mechanical stunnlation, usually the 
former Mechanical stimulation was simply made by compressmg the 
nerve with forceps for either 10—20 sec or else for several short mtervals 
The extirpation of the superior cemcxd ganglion This was made under 
chloroform-ether amesthesia The dilatation of the ear vessels after the 
extirpation of the ganghon disappeared m a few days Even the next 
day only the central artery showed a small dilatation especially m its 
lower part Under normal conditions this dilatation disappeared also 
m a few days In the few cases, where the wound took some time to heal, 
the central artery remamed dilated for a longer time Sumlar observa- 
tions on the denervated hmd-legs are described by Goltz(i) 

A fortmght to two months elapsed between the extirpation of the 
ganglion and the observation of the effect Dnrmg the process of cuttmg 
the hair on the operated and normal sides respectively it was noticed 
that the mampulation due to this procedure made the ear red more 
rapidly on the operated side than on the control, and the red colour was 
longer mamtamed Later on, when we began the chloroform-ether 
anaesthesia (the rabbits were put under a glass beU) the ear vessels of 
the operated side ddated more quickly than the vessels on the normal 
Bide They remamed also longer dilated after the administration of the 
anresthetic was stopped On several occasions no dilatation on the sound 
side took place if the aneesthetic was removed at the moment when the 
vessels on the operated side became ddated There appears to be a 
contrast between the effects of chloroform-ether and those of amyl 
nitrite (Eugling(2)) 

The extirpation of the ganghon stratum We found no mention m 
the literature of this operation on the rabbit Dr AndersonO) (whom 
I have consulted) described an extra-pleural method for takmg away the 
ganghon from the first mtercostal space m the cat The exact descnp- 
tion of the preparation of the ganglion is given by Sherrington (4) 
In the rabbit it is impossible to uncover the whole ganghon from here 
and to draw it out without causmg extensive bleeding The ganghon 
which IS very long, hes mostly under the first rib and cramal to it After 
some practice on the dead rabbit it was easy to take it away from above 
the first rib without mjurmg the pleura The vessels m this regiou nre 
sented the only difficulty This may be obviated by cuttmg eal bra^h 
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of the ganghon separately before drawing it out The exact course of 
the operation was as follows 

One hour and a half before the commencement of the operation 90-100 mg luminsl 
were injected subontaneonsly ao that but httle chloroform ether was needed. The rabbit 
lay on its aide The akin was out between the dorsal edge of the scapula and the spmal 
vertebrae, the front end of the moiaion reaching some cm above the anterior border of 
the scapula. The slender transversns muscle was cut. The scapula with its muscles was 
raised a httle and drawn down, so that the upper part of the chest lay free The scapula 
was held in its position by a hook. The first nb is covered by the mnsoulus scalentu 
medius, which was cut at this level Under this muscle hes the small mnsculus scalenus 
anterior which was gently torn across The roots of the braohial plains were now exposed. 
We dissected deeper with a small forceps between the first two branches of the plexus, 
which issue in front of the first nb and jom a httle later to form a triangle The upi»r 
part of the ganghon stellatum was then always found at once by keepmg quite near to t e 
first nb and not too ventraL Uach fibre of the ganghon was separately out through, 
the upper branches, then slowly drawing out the ganghon we cut the rest one fibre a te 
the other At last it tore off, usually with a small piece of the sympathetic remam ng o 
the lower end. We sewed the musculus scalenus medins and transversus with two so ures 
and then the akm. The operations were made under stnot asepsis. The animak ways 
recovered very quickly apart from a slight limp of the fore leg on the operated si e 

The post-mortem exammation showed that the ganglion was 
completely removed and that the woimd had thoroughly heale 6 
made m all five operations on the right side and two operations on 


left side j i. II turn 

After the removal of both the superior cervical ganghon and stellatu 

on one side, the vessels did not return to their original degree o 
traction Even four weeks after the operation the vessels showe a sma 
but distinct dilatation compared with the vessels of the norma 
The same difference m the cahbre of the vessels was found m ° 
three experiments, m which only the ganglion stellatum a , 
removed This is not the case after the extirpation of the supwior c 
ganghon It should be remembered, however, that the extirpa 
the ganghon stellatum also removes the whole centeal ,3 

superior cervical ganglion, so that the mfluence from t e jncom 

system on the constrictor tonus of the ear vessels 
plete return of tonus agrees with isolated observations o g 
with those of KroghfS) on the capillaries 

The -preparation of the auriculo temporahs (^) trunk 

this rather thm nerve is best found at its origm, where 
of the maxillaris inferior From here it comes “P 

behmd the posterior border of the ramus mandibular oralis 

and soon divides mto ite branches to the facialis to the g 
and to the ear In one annual the nerve was still divided 
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The piepaiation of this nerve m the livnig animal is easy if the 
lahhits nsed are not too fat and muscular The most suitable are yoimg 
female anunals The skm and fascia were cut between the base of the 
ear and the zygoma We dissected behmd the posterior border of the 
mandibularis ascendens close to the border of the medial part of the 
masseter muscle and reached the vena facialis posterior In front of 
this vem we went deeper The branch to the ear runs under and behmd 
the vem The trunk of the nerve is enclosed with the pterygoid muscle 
above, the fat of Bichat below, the ramus mandibulans ascendens m 
front and the tympamc bulla behmd The nerve was freely exposed, tied 
and cut as deeply as possible 

The freparatton of the aunculans lentrahs and dorsalis and of the 
facialis ’posterior The skm was cut 2 cm from the basis of the ear 
obliquely to the neck After cuttmg the fascia the auricularis ventralis 
was to be found behmd the vena auricularis posterior The nerve comes 
out behmd the posterior border of the musculus stemocleidomastoidens 
and runs m an oblique direction to the base of the external ear To find 
the auricularis dorsalis we went towards the back and under the two 
next muscles The branches of the faciaha posterior were found between 
both the auricular nerves on the base of the ear 

The peripheral nisTRistmoN of the vaso-consteictohs 
OF the ear 

The vaso-constrictor fibres run m the nervi faciahs posterior, auricu- 
laris ventxahs and auricuiaris dorsalis We could not confirm the 
observation of Lowen(8) that fibres run duectly from the superior 
cervical ganghon m close connection with the arteries which distribute 
to the ear for after havmg cut both the cervical nerves and aU branches 
of the facialis posterior, stimulation of the cervical sympathetic did not 
cause the slightest constriction of the vessels of the ear 

The nerves each supply special parts of the ear with vaso-constnctor 
fibres These areas overlap, particularly those supphed by the faciahs 
and the cervical nerves We may leave out of consideratiou the mdmdual 
variations because they do not alter the nature of the distnbution 

The auricularis ventralis Cuttmg this nerve always caused a marked 
dilatation of the ear The dilatation took place chiefly on the distal part 
and the posterior border or the side of the ear The basal part of the 

central artery was only slightly dilated as also the anterior border of 
the ear 

■^eiy strong currents were needed to give a vaso-constriction on 
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stimulating tbs nerve Tbs was pomted out first by Morat and is dne 
to tlie tbckness of the sheaths of tbs nerve (FI etcher (7)) In our 
expemnents the secondary coil was between 10-6 cm , at 7-10 cm the 
current was unbearable on the tongue The constriction took place 
cbefly on the distal part and posterior border of the ear The anterior 
border was only contracted on the tip (see Fig 1) The basal part of the 
central artery was only weakly affected even with very strong current 
From 5 to 15 sec , after ceasmg the stimulation, an after-flush occurred 
Tbs gradually mcreased and faded slowly after some mmutes 

Similar observations about the distribution of tbs nerve were made 
by Dastre and Morat(8), Fletcher(7), LangleyW, Lowen(6) and 
Schiff (quoted by Langley) Fletcher, however, states that he also 
found “the proximal third of the artery to show marked constriction 
equal in one case to that in the distal third ” 

Aunculans dorsalis Cuttmg this nerve always caused a strong 
dilatation on the antenor border of the ear, the electrical stimulation 
caused a strong constriction m tbs region (see Fig 3) If the ventral 
auricular had been cut previously, the contracted vessels were sharply 
marked against the remaimng dilated ear 

Facialis ■posterior The cuttmg of all the branches of this nerve 
caused a marked dilatation of the proximal part of the ear 

Electrical stimulation of tbs nerve always caused a marked con- 
striction of the same region It is impossible to stimulate all branches 
of tbs nerve together In order to observe the exact distribution of the 
whole nerve, we stimulated the peripheral end of the cervical sympathetic 
after havmg cut previously the ventral and dorsal auricular The facialis 
posterior receives, as we shall see later, aU its vaso-constrictor fibres 
from the superior cervical ganghon, so that stimulation of the sympathetic 
nerve mvolves all the fibres of the facialis posterior, and these fibres 
only, smce the cervical nerves are cut Under tbs condition the stimula 
tion of the cervical sympathetic caused a contraction of the proxima 
half of the ear, the contracted part reachmg higher m the middle of t e 
ear than on both sides (see Fig 6) 

The okigin of the post-ganglionic fibres of the 
VASO-CONSTRICTORS OF THE EXTEIINAL EAR 
FIetcher’6(7) work showed that the ventral auricular obtains v^o- 
constnctor fibres from the ganglion stellatmn, but did not make it c car 
whether all its vaso-constrictor fibres have this origin, and Flctc er 
did not deal with the question whether the dorsal auncular, whic 



523 


VASO-ilOTOR NERVES OE EAR 

Euppbes only tie Email anterior part of the ear, obtains any fibres from 
the ganglion stellatum 

In order to ascertam ivhich nerves receive fibres from the superior 
cervical ganghon, ve cut all the nerves of the ear, except the one vre 
mshed to examme, and then stimulated the peripheral end of the cut 
cervical sympathetic The contraction ■which resulted and which was 
abohshed by cuttmg the remainmg nerve could only be due to fibres 
from the superior cervical ganghon mnning to this nerve The second 
method used was the excision of ■the ganghon steUatum and the stimula- 
tion of the ear nerves after aho^wmg tune for degeneration 

To see which nerves obtam fibres from the ganghon stellatum we 
removed the superior cervical ganghon and waited the tune necessary 
for degeneration The constriction now obtamed on stunulatmg the ear 
nerves was due to fibres from the ganghon stellatum, smce, after havmg 
removed both gangha, stimulation of the ear nerves never gave the 
shghtest vaso-constnction The results m the special nerves were the 
foUoivmg 

Faciah? postenor This nerve receives aU its vaso-constnctor fibres 
from -the Bupenor cervical ganghon, because, after ha^vmg removed this 
ganghon and waited the time necessary for degeneration, stimulation 
of this nerve did not cause a constriction On the other hand, after 
ha^vmg removed the ganghon stellatum the vaso-constnction on shmu- 
latmg this nerve was not dimmished 

Aurieuhns lentrahs This nerve receives fibres from both gangha, 
as is shown by the foUoirmg results 

(1) Stimulation of the peripheral end of the cervical sympathetic 
(the dorsal cervical and all branches of the facialis postenor bemg cut 
previously) caused a constnction, chiefly for about 2 cm m the middle 
of the central artery of the ear The remainmg upper half of the artery 
was only shghtly contracted but many of the smaller vessels had dis- 
appeared After cuttmg the ventral auricular as well, the stimulation of 
the cervical sympathetic did not cause a constriction 

(2) After the excision of the ganghon stellatum (three experiments) 
stimulation of the ventral auncnlar nerve still caused a constnction 
The central artery showed the best constriction m the middle of the 
ear The part corresponded well with that on stimulatmg the cervical 
sympathetic under the condition m para 1 {supra) In comparison 
with the contraction obtamed on the normal side the effect was alwavs 
smaller, m particular the tip and the postenor border remamed more 
or less dilated (see Fig 2) 
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This agrees with our observation on cutting the cervical syrapatlietic 
In some experiments the posterior border remained contracted and the 
tip was little dilated, m the other oases the whole ear dilated equally 
(see also Tigerstedtpo)) 

These two series of experiments showed that the ventral auricular 
receives some fibres from the superior cervical ganglion 

(3) After havmg removed the superior cervical ganglion and having 
waited the time for degeneration, stimulation of the ventral auricular 
with strong currents always caused a constnction (Schiff, Fletcher) 
Weak currents often produced vaso-dilatation This will be discussed in 
the section on the vaso-dilator nerves 

The contraction was mostly stronger than that after the ganglion 
stellatum had been removed, so that it seemed that the ventral auricular 
receives more fibres from the ganglion stellatum than from the superior 
cervical ganglion 

(4) After havmg removed both the ganglia, stimulation of t e 
ventral auricular did not cause any contraction even with the strongest 


currents 

Avnculans dorsalis The dorsal auricular obtains most of its fi res 
from the superior cervical ganglion We found, however, that a ter 
removmg this ganglion we were able to cause a small constriction on c 
upper part of the anterior border in all experiments This constriction 
concerned only a very small region m comparison with that obtame 
on the normal side (see Fig 4) As it was abolished after excision 
both the ganglia it mdicates the origm of some fibres from the gang 
stellatum Stunulation of the dorsal auricular after the excision ot c 
ganghon stellatum did not show a distmct diminution of t e 
striction We may conclude, therefore, that this nerve receives mo 
Its fibres from the superior cervical ganglion and only some ftom 
ganglion stellatum These latter explam the non-degenerate ^ 
the antenor border of the ear, which Fugling found , 

havmg removed the superior cervical ganghon and cut e 


auricular previously vntli 

In the dog and m the cat the vessels of the ear are 
any post-ganghonic fibres from the ganglion steUatum 
he found only fibres from the ganglion stcllati^ m 
ventralis, legitimately assumed the reason to be that this 
anterior m The cat than m the rabbit We however. 
from the ganglion stellatum m both cervical nerves 
IS that even the pre-ganghonic fibres for the ear \ essels ar 
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in otigin m the cat than m the rabbit As LangleyCH) showed, the 
pie-ganghonic fibres for the ear vessels run in the cat in the I— IV 
thoracic nerves and in the rabbit in the II— V ill liioracic nerves 

We must furthennore assume that the ramus vertebralis m the 
rabbit sends vaso-constnctor fibres not only to the third but even to the 
second cervical nerve 

The figures show diagrammatically the vaso-constnctor distnbution 
m the external ear of the rabbit The shaded sections ate the parts m 
which contracted vaso-constriction occurs on stimulation of the nerves 
The ears are seen from behmd so that the anterior border becomes the 
medial, the posterior the lateral border of the ear 



Fig 1 IHg 2 Fig 3 Fig 4. Fig 5 

Fig 1 Left ear Contractioti due to etunulation of the ventral auncular (p 622) 

Fig 2 Fight ear The same as m Fig 1, only the ganglion stell removed three rveeks 
previondy In the contracted area a smaF part of the central artery remained dilated 
(P 523) 

Fig 3 Left ear Contraction due to atimatation of the dorsal auncular (p. 522) 

Fig 4 Right ear The same as in Fig 3, only the sup. cerv ganglion lemoved three 
rreets previously (p. 524) 

Fig 5 Left ear Contraction due to stunnlation of the penph. end of the cnt cerv 
sympathetic the anncnlo-cemcal nerves are cut previously The figure shows the 
distnbution of the vaso-constnctors of the fa ciali s postenor (p 522) 

The VASO-DILATORS OF THE EXTEKFAL EAB 

As to the origin of the vaso-ddatois of the external ear of the rabbit 
We find m the literature several statements which we can divide mto 
three groups 

(1) The fibres m the cervical sympathetic 

Dziedzuhlos) found that four days after the section of the cervical 
Bvmpathetic stimulation of this nerve caused a vaso-dilatation of the ear 
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vessels It could be obtained till the eleventh day after the section 
Dziedzuhl’s explanation was, that the vaso-constrictor fibres of the 
cervical sympathetic degenerate more quickly than the vaso dilator 
fibres, which under normal conditions are masked and which now appear 
The experiments were recently repeated by Feldberg and Schilf(i3), 
who could not confirm the results Heferences to earher work on the 
subject are given m their paper 

(2) The vaso-dilatation of the auriculo temporalis (V) 

Schiff (14) succeeded m obtammg a vaso-dilatation of the ear vessels 
m six: out of 11 experiments, when he stimulated the mtact auricnlo 
temporalis or its peripheral end The vaso-dilatation began at once with 
the stimulation and ceased with it V ulpian(i6) could not confirm this, 
Claude Bernhard(i6), however, sometimes observed on the ear of the 


dog a vaso-dilatation on stunulatmg this nerve 

(3) The “antidromic” vaso-dilatation and the dilatation of the 
cervical auricular nerves 

Krogh and Eehbergar) tried vainly “to elicit any dilator response 
by electrical or mechanical stimulation of the peripheral ends of t c 
sensory nerves to the rabbit’s ear ” But when they observed the ve^e 
microscopically and stimulated them directly with a fine needle or a hair, 
they obtamed a local vaso-dilatation which disappeared gradually wi ^ 
the proceedmg degeneration of the cut cervical nerves Nineteen oj 
after the section it could no more be produced 

Winkler (18) observed a vaso-dilatation of the ear after section ot 
dorsal (and ventral) roots of the IV, V and VI cervical nerves metner 
this vaso-dilatation can be regarded as an antidromic vaso ^ 

Bayhss believed, or more properly as a reflex one, is not proven 
sensory cervical nerves which supply the ear come from the ““ 
cervical nerves, but the possibility of some kind of antidromic d.Iatatio 

must be taken mto account , , 

We made experunents on the auriculo-temporalis (V) and o 


cervical nerves rnhbits 

Anriculo-temporahs (Y) Our experiments were made on ten r 

In two of the animals the superior cervical ganglion was re 

viously We stimulated mechanically and electrically, al > ° 

with weak currents, gradually mcreasmg In the fimt 
served a vaso-dilatation of the central artery 5-2o sec “^r A 
stimulation of the nerve had ceased This dilatation l^ted 
only In all the lollovrmg nine experiments, however, we ^ 

in obtammg a distmct vaso-dilatation Durmg the first exp 
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'^rere piobably less abve than later to tbe xbytbmvc variations first 
observed by Scbifl and to central mflnences TVe also bebeve, tbat tbe 
vaso-dflatation of tbe sis experiments of Scbiff durmg tbe stamnlation 
of tbe nerve vas due to central influences Scbiff stimulated m some 
experiments tbe intact nerve mtb central connections undisturbed Tbe 
form of tbe vaso-dilatation described by bun (tbe lack of a latent period, 
tbe begmmng and ceasmg ivitb tbe stimulation) difiers considerably from 
tbat always observed on stunulatmg vaso-dilators m sensory nerves 
The auncidaris lenirahs and dorsabs Before I began my experi- 
ments the late Prof Langley wrote me, “tbat sometimes tbe cervical 
auricular nerves (chiefly tbe great auricular) under strong mduction 
currents of low frequency or weak mduction shocks of high frequency, 
caused a great dilatation of tbe vessels m tbe ear, gradually be gmmn g 
m tbe capillary region ” He advised me to take away tbe gangbon 
cervical superior or tbe gangbon steUatum to see if it would then be 
easier to obtam a vaso-dilatation on stunulatmg these nerves 

In four experiments, m which both tbe gangba of one side were 
removed 11-25 days previously, mechanical and electrical stimulation 
with weak and strong currents of both tbe auiiculo cervical nerves caused 
a marked dilatation Tbe dilatation of tbe ventral auricular concerned 
tbe whole ear except tbe anterior border That of tbe dorsal auncalar 
concerned the anterior border Tbe vaso-ddator distribution is tbe same 
as the sensory nerves distribution and nearly tbe same as tbat of tbe 
constrictor fibres 

The dilatation occurred on mechamcal stimulation after a latent 
period of 10-25 sec On electrical stimulation which lasted one minute 
it occurred durmg the stimulation with a weak current 25-30 sec , with 
a strong current 5-10 sec after tbe begmnmg of the stimulation Tbe 
dilatation began m tbe smallest vessels and spread gradually to tbe great 
lessels, mcludmg also tbe central artery when tbe ventral auric^ans 
was stunulated Durmg the first mmute this vaso-ddatation increased 
after 4 mmutes it faded slowly away Even with tbe strongest unbearable 
cunents it was at no tune possible to obtam tbe sbgbtest vaso-con- 
stnction 

Tbe section of these nerves abo produced a constant vaso-dilatation 
The eat showed a much redder tone (due to dilatation of the small 
vessels) than the ear of the normal side, where the cervical sympathetic 
was cut The effect must be regarded as due to stimulation of the nerves 
by the section WMb tbe dilatation due to the sympathetic section did 
not fade away for a long time, the dilatation after cuttmg the cervical 
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nerves gradually dimmislied and after 10-15 mm all the small vessels 
had disappeared and the large vessels were no more dilated than before 
the begummg of the experiment (see Method) In the experiments on 
those rabbits on which only the ganghon steUatum or only the cervical 
ganglion had been removed, stimulation of the cervical nerves mechani- 
cally or with weak currents caused a dilatation Stronger currents always 
gave a vaso-constriction, the details of which we have already described 
In some cases, where the superior cervical ganghon had been removed, the 
current on stunulatmg the ventral auricular was just strong enough to 
show the effect on both dilator and (remammg) constrictor fibres the 
central artery contracted partly, but the small vessels dilated and the 
ear tip remamed very red Weakenmg the current durmg the stimulation 
abolished the constrictor effect on the central artery, strengthenmg the 
current caused a contraction of the small vessels as well 

As the two cervical nerves of the ear are sensory nerves there can bo 
no doubt that the vaso-ddatation is due to “antidromic” reaction We 
think, however, that the sensory dorsal roots of cervicals II and HI must 
be responsible for this and that the vaso-dilatation of the experiments 
of Winkler(i8) (c IV, V, VI) is a reflex effect 

Conclusion 

(1) A method of removmg the ganghon stellatum above the first rib 
in the rabbit is described 

(2) It IS found that the vaso-constrictor fibres for the external ear 
run in the facialis posterior, the auricularis ventralis and the auricularis 
dorsalis 

The origm of the post-ganglionic vaso-constrictor fibres of t c 
facialis posterior hes m the superior cervical ganglion, of the auricularis 
ventralis and dorsalis m both the superior cervical ganghon and the 
ganghon stellatum The dorsal auricular, however, obtams only rerj 
few fibres from the ganghon stellatum 

(3) Vaso-dilator fibres of the external ear could not be found in f c 
auriculo-temporahs (V) They nm m the auricularis ventralis and o 
sails Each nerve supplies a special region similar to the sensor) i- 
tribution of these auriculo-cervical nerves 

I should like to record ray mdebtedness to the late Prof LanglcT 
for much useful advice at the commencement of this research, an my 
appreciation of the loss it sustained when his death deprn cd me o 
criticism and encouragement 
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Prof Bar croft lias generously helped me -nith the preparation of 
this paper, and I vnsh to thank him for his patience and kmdness 
My mfe has assisted me throughout the course of the experiments 
described above, and I owe much to her constant help 
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THE REACTION BETWEEN ACETYL CHOLINE 
AND MUSCLE CELLS By A J CLARK 

{Pharmacological Department, University College, London ) 


Acetyl ohoucne ib exceptionally weU adapted for the study of the laws 
governing the reactions between drugs and cells, for the following 
reasons 


(1) It produces graded reactions over a remarkably wide range of 
concentrations 

(2) It affects a variety of tissues and produces different types of 
actions m different tissues 

(3) It acts rapidly and its action is quickly and completely reversible, 
hence a large number of experiments can be performed on a single 
preparation 

The action of acetyl chobne hydrochloride was studied on both the 
isolated ventricle and rectus abdo minis of Rana temforana The drug 
used came from three sources, namely, a sample kmdly given me by 
Dr H H Dale, a preparation of Messrs British Drug Houses and a 
preparation of Messrs Kahlbaum The three samples did not differ 


appreciably in strength 

Experiments on the heart Acetyl cholme when it acts on the mtact 
isolated frog’s heart produces several actions It dimmishes the fre- 
quency of the smus rhythm, diminis hes the rate of conduction between 
the auricle and ventricle and decreases the force of contraction of the 
auricle and ventricle In order to obtam a quantitative measure of the 
action of the drug it was obviously desirable to study one effect alone, 
and the effect chosen was the depression of the force of contraction o 
the ventricle A longitudmal strip of ventricle was cut off, consistmg 
of about one-thnd of the ventricle It was suspended m a container 
holdmg 5 c c and was driven at a constant rate by break induction 
shocks The usual frequency was 20 per mmutc The stimuli^ "OS 
passed through the length of the strip to eliiumate any effects 
alterations produced by the drug m conduction In most cases 
responses were recorded isometrically by a light lev er attached to a s ip 
of steel The lever gave a deflection of 1 cm when 2 grm tension va 
applied, and the relation between excursion and tension was linear up 
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to 5 grm tonsioii. The tensions recorded osually ■were less than this In 
some cases an isotonic lever ivas used. This provided a more sensitive 
measure of veiv slight effects but did not give as accnrate a measure of 
actions approaching masimalj that is, complete arrest 

The Emgers flmd had the following percentage composition 
XaCl 0 65. KCl 0 014, CaCla anhyd- 0 024, IsaHCOg 0 05, pH 8 0 Air 
was bubbled through the contamer I found that acetyl chohne de- 
composed fandy rapidly m dilute solution, and particularly rapidly m 
the alkalme osvgenated Ringer’s fluid, care therefore was taken to use 
fteshlv diluted dhug The drug was sometimes added to the flmd m the 
contamer aid sometimes the final dilution was made outside and the flmd 
m the contamer changed. 

Hearts showed great mdividual variation m them sensitivity to the 
drug, but the response of a smgle strip was famly untform. In particular 
the strips did not show any well-marked mcrease or decrease m sensiUvily 
after prolonged isolation. The responses given during the first hour often 
were irregular but a heart after 24 hours isolation showed the same 
sensitmtv as a heart after 1 hour s isolation. 

I found that changes m pH from 8 0 to 7 0 produced no demonstrable 
variation m the response of the heart to acetyl chohne Andrus and 
Carterd) found that the drug acted on the heart more powerfully at 
pH 7 0 than at pH 8 0, but it seems possible that tbem results may bave 
been due to the drug being destroyed more rapidly m alkalme than m 
neutral solnnon Smce shght changes m reaction did not appear to 
produce a measurable effect bicarbonate 


Rmger s flmd was used m preference to 
fluid buffered with borates because the 
preparation contracted more vigorously 
with the former flmd 

Acetyl chohne produces its maximal 
action on the heart sometimes m a few 
seconds and alwavs withm a mmnte 



.Hter this the heart partiallv recovers, Rg. i Partial rwovetv ol t«irt dimni: 
but the degree of recoverv is verv “porare to ai^trl cfiolm* xte 

variable, as is shown m Fig 1 A similar <n£^rat 

effect was noted bv StraubC) when '^^aes acetvi ciolmi io-< coUr in* 
, , mtrodcced at tie a’-roir and ti* 

mnscarme acted on the heart The second po-honj ti» corves sio»- 
significance of this effect will be dis- *^<^5 

cu'sed later 


This Teco% erv effect is a source of error m quantitative experiments 
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I took the greatest effect produced by the drug as the measure of its 
action and m cases where the immediate effect was followed by a sharp 
rise, as sometimes happened, the results were discarded The isometric 
measurements obtamed in the manner described do not provide a true 
measure of the isometric response of the heart but they were found to 
be a more satisfactory quantitative measure than records of isotonic 
contractions Fig 2 shows a series of measurements obtamed with the 



Log molar cone 

Fig 2 Relation between concentration and action of acetyl choline on the frog s hearts 
Ordmate percentage of maxunal possible action Abscissa loga^thm of molccii ar 
concentration. 

Curve I, iBOtomc (Straub’s cannula). Curve II, jBometno (ventncular stnp) 


whole heart perfused with a Straub’s cannula holding 0 5 c c of flui 
This preparation was about ten tunes as sensitive as the isom^etric 
strip, but when the concentration of the drug was mcrensed the cart 
soon reached a condition in which it was unable to lift the apex of t e 
ventricle against the weight of the water, and after this point visi e 
movements contained but no accurate measurement could be obtame 
Heart strips prepared m the maimer described and suspended in 
will contract regularly and without dimmution m force, for at e 
30 mmutes, and therefore this preparation could be used to measure c 
absolute quantitv of drug needed to produce a particular action, a 
opposed to the concentration of drug which produced the same ac i 
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Fig 3. Achon of acetyl cholme on Rectos abdonmus as a fnnetjon of concentrahon. 
I, isotomc, n, fsometno. Abscissa and ordinate aa m Fig 2 
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Fig 4 Action of acetvl cbolme on Rectos abdominis. Specimen enrees of isotomc 

ractiona and relaiahons. Ordinate— moremenU of lever point ir=waab.otiL 
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wiien the drug was present m excess For this purpose a quantity of 
solution from 0 6 to 2 6 mg was added to the moist strip Quantities 
above 1 mg were added by means of a capillary pipette while smaller 
quantities were added by dippmg a weighed thread in the solution, 
weighmg the thread agaih, and then cuttmg off a length which would 
contam the correct amount of solution 

Expenments on Rectus ahdomims Acetyl chohne produces a con- 
traction of the Eectus abdominis of R temporana, and acts in concen- 
trations comparable to those which produce depression m the heart 

The isolated Eectus abdominis was suspended m Emger’s fluid and 
its movements were recorded by an isotomc lever producmg a tension 
on the muscle of about 2 grm Acetyl chohne was found to produce 
a much more extensive isotonic than isometric response, as is shown in 
Fig 3 Tracmgs.of typical contractions produced by acetyl cholme are 
shown m Fig 4 

The relation between concentration and action The relation between 
the concentration of acetyl chohne hydrochloride and the isometric 
response of the frog’s ventricle is shown m Fig 6, and the same relation 
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for tte isotonic response of the Kectus abdominis is shoivn m Fig 6 
In both cases the action produced by the drug is expressed as the per- 
centage of the maximal possible action 'which it can produce The drug 



Log molar cone. 

Kg 6 Action of acetyl cholme in prodnemg iBotomo contraction of the Keotns ahdommis 
a« a function of concentration. Ordinate and abscissa as in Kg 2. 


produces depression of the heart and the maximal action is total arrest 
of the heart By the aid of a readmg imcroscope it is possible to measure 
contractions which are less than 1 p c of the ongmal amplitude , it is 
possible, therefore, to measure actions between 90 p c inhibition and 
complete arrest with considerable accuracy On the other hand, it is 
not possible to measure reductions of less than about 5 p c of the normal 
response In the case of the Rectus abdominis a contraction of less than 
1 mm on the record could be detected, and this was less than 1 p c of 
a maximal contraction On the other hand, there is no sure measure of 
the maximal contraction that the muscle can produce, and therefore the 
figures for contractions above 90 p c of maximal are somewhat nneertam 
In both cases the figures observed be along a curve which can be 
fitted closely by the equation K where a; » molecular con- 

centration of the drug, y = action produced expressed as percentage 
0 maximal action, Z « constant Curves drawn accordmg to this 
onnula are shown m Fig 2, curve 11, Fig 3, curve I, Fig 5, 'curve I, 
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and Fig 6 Inspection of these curves shows that the responses observed 
follow the theoretical curve fairly closely 

^ K x = , X must be a Imear function of The wide 

range of concentrations used necessitates the plotting of a: on a loga- 
rithmic scale and Fig 7 shows Log x plotted against log > on*! 



Ordmoto Log — Abscissa Log of molar cono. of ncotyl oholinc 
100 -y 

Curve I Action on isometno response of frog’s vontncio (calculated from crp- “i 

Fig 2, onrve EC) , 

Curve EL Action on isotonic contraction of frog’s Rectus obdoromis (cn c 
from exp in Fig 6) 


inspection shows that the relation is Imear Curve I m Fig 7 follows t 
formula LogiT-l- Logir = Log 

withm the limits of error, Log K being 5 7i Curve II in Fig 7 follows, 
however, the formula ^ 

Log K + 0 8 Log X = Log , or TT x® ® = foo^p 
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I made a numter of experiments to try and determme tie value of 
n in the formula K sf' = Unfortunately it is impossible to get 

very exact quantitative measurements of the responses of either the 
frog’s ventricle or Eectus abdominis The variations m repeated responses 
of the tissue to the same concentrations are shown m the figures, and 
mdicate the limits of accuracy of these experiments I obtamed values 
for n varymg from 0 8 to 1 1, and the average value of n was very close 
to unity Values for n below one were somewhat more frequent than 
values above one I concluded that the probable value of n was one 
The foUowmg values were found for £ In 15 experiments upon heart 
strips contracting isotomcally E varied from 33,000,000 to 1,600,000, 
and the average value was 10,000,000 In 19 experunents upon heart 
Etnps, where the response was measured isometrically, E varied from 
20,000,000 to 100,000 with an average value of about 1,000,000 In six 
experiments upon the Rectus abdominis the value of E varied from 
400,000 to 10,000 with an average of 40,000 These figures show that 
one heart, may be 200 tunes more sensitive to acetyl cholme than another 
heart This is not a seasonal variation, for such differences were observed 
on successive days 

Graded actions m a smgle senes of experiments could be measured 
over a 10,000-fold range of concentrations There was, moreover, a 
3000-fold difierence between the sensitivity of the most sensitive ventricle 
and the least sensitive Rectus abdominis In the case of the ventncle 
the inhibition of an isometric response was measured and m the case 
of the Rectus abdominis the production of an isotomc contraction In 
all cases the results obtamed could be fitted, withm the limits of experi- 
mental error, by the formula given above It appears improbable, 
therefore, that the agreement between the measurements obtamed and 
the formula is a chance one 

The rate of action of acetyl chohne Acetyl cholme can act extremely 
rapidly on the ventncle Measurements on a rapidly movmg drum 
m one case showed that when the drug was poured directly on to the 
ventricle a solution of 5 x 10"® molar acetyl cholme produced half its 
final action m less than a second The rate of action varied greatly m 
different preparations, as is shown m Fig 1 

The action with more dilute solubons was less rapid but m all cases 
the drug produced half its final action m less than 30 seconds The rate 
of removal of the drug on washmg out was equally rapid In this latter 
case the recovery of the heart was slower after high than after low con- 
centrations of the drug had been applied In the case of the ventricle 
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both the rate of action and the rate of removal of acelyl choline appear 
to be determmed chiefly by the rate of diffusion of the drug through the 
sponge-hke tissue of the heart, and hence no satisfactory analysis of 
these rates can be made 

The Rectus abdominis reacts more slowly than the ventncle to acetyl 
chohne, and the rates of reaction and of wash-out are shown in Table I 


Table L Eatc of action of acetyl cholme on Eectna abdominis. 

Molecular con , in-j 

centration 6 x KT* 6 x 10“’ 6 x 10^ I 5 x !()-* 5 x 10"' 5 x KT* 2 5x10“ 5x10“ 

Tune ui seconds 

till half final , , n 

contraction 200 80 64 72 30 14 11 

Tune in seconds 
after washing 
ont till half re 

laxation — — 22 6 46 67 64 

Unfortunately, the significance of these latter figures is somewhat 
doubtful, because even to certam types of instantaneous stimulus t e 
Rectus abdominis gives a sluggish response For example, li the muse e 
was extended with a weight of 6 gnn I found that when the weight was 
removed the muscle contracted slowly and took nearly three mmutes 
to produce half of the resultant change m length The rate of c ange 
m length, therefore, does not give a measure of ^e rate of union between 
the drug and the muscle Table I shows, however, that m the case of tue 
Rectus abdomims the higher the concentration of the drug t e mo 
rapid IS its action, and that the tune needed for removal of c 8 ^ 
greater after high than after low concentrations 

The influence of lemferature on the action of acetyl chohne 
m temperature produce no certam effect upon the 
produced by acetyl chohne upon either the heart or t e 
to,. ThB IB .ho™ m TaH,» H aod HI Increase of 
however, mcrea.es both the rate of action of the drag an a so 
at which .t B washed out, aa is shown m Table IV Tfm table els. ho® 
that the rate of contraction, and the rate of relaxation on wash g 

Table IL Influence of temperature on the action of acetyl 

(The fignreB show the percentage reduction of the response of the 

Mol concentration of acetyl 
chohne hjdroclilonde 
Temperature 

I1°C 
14° C 
20° C 
29° C 


CxKT* 

5x10“’ 

10“* 


32 

44 

9 

40 

48 

SO 

30 

44 

55 

30 

37 
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rrr. influence of temperature on the action of acetyl choline in causing 
contraction of Eectug abdominis 

(The figures shoir the contraction expressed as a percentage of maaamal ccntraction.) 


iloL cancentratioii of acetvl 

6xlC-« 

5x10-® 

cbolme hydrocblonde 

Temperature 



5“C 

415 

75 

15=0 

43 

77 


29 

79 


Titttt IV Influence of temperature on the rate of actron of acetyl 
cholme on. Eectus abdommis 

(The figures shore the time m seconds until half the action is produced-) 

Contraction on mtioduction Relaxation on rrashing out 

of drug of drug 


Mol conceatrabon of acetyl 
cholme hydrodiloiide 

6x10-* 

6x10^ 

6x10-* 

-A — ^ 

6x10-® 

Temperature 

7“ a 

108 

38 

75 

85 

14° C. 

71 

34 

28 

29 

27° C. 

30 

11 

26 

17 


are afiected equally by a nse of temperature This is m accordance 
uitli the observation that changes m temperature do not alter the final 
equilibnnm between the drug and the muscle as mdicated by the extent 
of action produced If we suppose the action of acetyl cholme to be 
proportional to the degree of combmation of the drug with some element 
of the muscle, then the absence of an action of temperature on the final 
equflibnum state shows that the heat of reaction of the drug with the 
tissue is comparatively small 

The quantity of drug which reads with the heart The results obtamed 
when small amounts of drug are added to the moist ventneulax step 
show at once that the total quantity of drag necessary to produce an 
action on the heart is very small F or example, the total amount of drug 
added which was sufficient to produce a 50 p c reduction m the response 
of the heart step in Fig 5 was only 10"^® grm molecules 

Figs 8 and 9 are types of the records from which Fig 5 was compiled, 
and they show that the action of acetyl cholme on the moist ventricular 
atnp is exactly similar to its action on the strip immersed m solution, 
and therefore the two sets of actions can be compared quantitatively 
f^'ig 5 shows, however, that the relation between the quantity of drug 
added m concentrated solution and the amount of action produced is 
not the same as that already shown to exist between the concentratiou 
of the drug (when present m excess) and its action For example, the 
concentration of drug needed to produce 90 p c of full inhibition is 
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both the rate of action and the rate of removal of acetyl choline nppcnr 
to be determined chiefly by the rate of diffusion of the drug through the 
sponge-like tissue of the heart, and hence no satisfactory analysis of 
these rates can be made 

The Rectus abdommis reacts more slowly than the ventricle to acetyl 
cholme, and the rates of reaction and of wash-out are shown m Table I 


Table I Rntc of action of acetyl cholino on Rectus abdominis. 


Molecular con 
corjtmtion 
Time in seconds 
till half final 
contraction 
Time in seconds 
after vaalung 
out tiU half re 
Itutabon 


6 y 10-* 5 y lO"’ 6 x lO"' 1 5 x 10-» G x K)-' 5 x IQ-* 2 5 x KT’ 6 x lO"’ 
200 80 04 72 30 14 11 0 

— — 22 5 45 07 54 — — 


Unfortunately, the significance of these latter figures is somewhat 
doubtful, because even to certain types of mstantaneous stimulus the 
Rectus abdommis gives a sluggish response For example, if the muscle 
was extended with a weight of 5 grm I found that when the weight was 
removed the muscle contracted slowly and took nearly three minutes 
to produce half of the resultant change m length The rate of change 
in length, therefore, does not give a measure of the rate of union between 
the drug and the muscle Table I shows, however, that m the case of the 
Rectus abdommis the higher the concentration of the drug the more 
rapid IS its action, and that the time needed for removal of the drug is 
greater after high than after low concentrations 

T/ic vtflucnce of temperature on the action of acetyl cJiohnc Alterations 
m temperature produce no certam effect upon the amount of action 
produced by acetyl chobne upon either the heart or the Pectus ab 
dommis This is shown m Tables II and III Increase of temperature, 
ho■v\e^er, increases both the rate of action of the drug and also the rate 
at which it is washed out, as is shown m Table IN^ This table abo 'hows 
that the rate of contraction, and the rate of relaxation on washing out, 


Table II Infinenco of temperoturp on tlip notion of nppt\I pliolinp on iIip hrnrt 
(Tlip fignrp"! show thp jvrcpntnpp reduction of the iP'pon«p of the licirt ) 


Mol conccntrntion of ncpt\I 

rholinp hvtlrochlonilp 

5y 10-* 

5 X l(r^ 

lU^ 

Temporaturp 

IRC 



u 

•14 

14° C 


40 

4S 

20° C 

r»o 

SO 

44 

oqc p 


30 
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t<btt- TTf Infinence of tempeiatoie m the actson of acetyl cholme m caunng 
coatzaction ol Rectns abdonuniH. 

(The figum show' tie coirtracticjn expressed as a percentage of maximal contracbon.) 


lIoL concentration of acetyl 


5xlir* 

cholme hvdrochlonde 

oxlO-* 

Tempeiatnie 




415 

75 

15= a 

43 

77 

2S'a 

29 

79 


Titrrr IV InSnenoc of temperatore on tie rate of acbon of acetyl 
ciolme cm. Kectos abdommis. 

(The figures slow the time m eeconds tmtil half the action is produced-) 

CJontractiQn on mtrodnction Relaxation on Trashing out 

of drug of drag 


ciioi. ccmcentraaon oi acetyl 
chohne hydrodilonde 

5xicr< 

, 

5x10-* 

5x10-* 

5x10-* 

Temperatnre 

7=a 

lOS 

3S 

75 

65 

14= a 

71 

34 

2S 

29 

2ra 

30 

11 

25 

17 


are affected equafly by a nse of tempeiatxixe This is m accordance 
rntb tbe observabon tbat changes m tempeiatnre do not alter the final 
eqnfiibrram between tbe ding and the mnscle as indicated by the extent 
of acbon prodnced. If we suppose the acbon of acetyl choline to be 
proporbonal to tbe degree of combmabon of tbe drug witb some element 
of the mnscle, then the absence of an acbon of temperatore on tbe final 
equflibnom state shows tbat tbe beat of reacbon of the drug with the 
tissue is comparatively small 

TJie quanliiy of drug tchich reacts mth the heart The results obtamed 
when small amounts of drug are added to the moist ventricular stn p 
show at once that the total quantity of drug necessary to produce an 
acbon on the heart is very smalL For example, the total amount of drug 
added which was sufficient to produce a 50 p c reducbon m the response 
of the heart strip m Fig 5 was only grm molecules 

Figs 8 and 9 are tvpes of the records from which Fig 5 was compiled, 
and thev show that the acbon of acetyl cholme on the moist ventncnlar 
Etnp IS exactly similar to its acbon on the strip immersed m solubon, 
and therefore the two sets of acbons can be compared qnanbtabvelv 
Fig 5 shows however, that the relabon between tbe quantity of drug 
added m concentrated solution and tbe amount of acbon produced is 
not the same as that alreadv shown to exist between tbe concentxabon 
of the drug (when present m excess) and its acbon For example, the 
concentration of drug needed to produce 90 p c of full mhibibon is 
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100 tunes that needed to produce 10 p c , but when small quantities 
of drug are added then the quantity required to produce 90 pc of 
full inhibition is 1000 tunes that needed to produce 10 p c 



Pig 8 Action of acetyl choline on the uotonic contraction of ventncnlar «tnp (weight 
30 mg ) The curves show either (i) effect of immereion m 6 c.c solution, or (u) cffwt 
of addmg a small quantity of concentrated solution 

(i) Molar concentrations of solutions x 10* B,2 5, C, 0 9, P, 6 0 and 0,2 5 
(u) Gram molecules of drug added x 10“ A, 0 0, X), 0 3 and E, 1 5 



Fig 9 Action of acctvl choline on isomctnc response of ventncnlar stnp (weight 
frequency 20 per mm ) ^ 

Upper curves Effect of immersion in solution. Jlolcculnr concentration x 

5, 25 60, 250, 600 2600 - 

Lower curves Effect of addmg small quantities of drug to moi«t stnp ’ 
oules added x 10“ 1 25 12 6, 125 1250 12,600 and 02,600 
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The quantity of drug entering the muscle cells Tke figures obtained 
permit an appiosunate calculation of tbe amount of drug actually 
entermg tke muscle cells and tkus tke determmation of tke relation 
between this factor and tke amount of action produced In tke records 
shown m Fig 5 tke addition of 5 c c of solution at a concentration of 
4 X 10"® molar produced a 50 p c inhibition of tke heart Tke 5 c c 
of fluid contamed 2 x 10"® grm mol of drug, and tke action observed 
could be produced by the addition to tke moist strip of 10"^® grm 
moL Therefore the amount of drug taken up by tke heart must have 
been too small to affect appreciably its concentration m tke 6 c c. 
of fluid A 50 p c reduction m tke response must therefore have been 
associated with a concentration of 4 x 10“® molar around tke heart 
cells "When, therefore, 10~^® grm mol added in concentrated solution 
produce a 50 p c reduction m force, sufficient of this quantity must 
remam m tke mtercellular fluids of tke heart to mamtam a concentration 
of 4 X 10"® molar and tke remamder is presumably absorbed by tke 
heart cells 

I found that moderate pressure between filter paper caused a moist 
heart strip to lose about 30 p c of its weight A study of sections of tke 
frog’s ventricle showed that about 50 p c of tke area of tke section was 
occupied by mtertrabecular spaces Tke heart strip may therefore be 
assumed to consist of about 50 p c of muscle cells, and 50 p c of mter- 
cellular and mtertrabecular fluid With these assumptions tke amount 
of drug that enters the heart cells can be calculated 


Tabu V 


The quantity of acetyl cholme hydrochlonde absorbed by the heart cells. 


12 3 4 

Quantity of 
Quantity of drug drug which 

which produces must remam 

Concentration of reduction when outside cells to 
dilute solution added in produce the 

aeanction of needed to produce concentrated concentration 
«>Btraction reduction soluuon shown m col 2 

P-u. (Mol cone. X 10’) (G mols x 10*-) (G mols, x 10’-) 
Ezp 31 Ventricular strip 25 mg Isometno contraction. 


6 


Quantity of drug 
that can 
enter cells 
(G mols. per mg 
of cells X 10’-) 


10 

2 

33 

25 

0-06 


6 0 

18 

11 

100 

7 

226 

0-32 

62 

76 

60 

890 

63 

66 

90 

Of' 

200 

4000 

250 

300 


600 

8000 

620 

690 

Sxp 0 

Ventricular strip 30 mg 

Isotonic contraction 



25 

50 

0-13 

0 35 

0-4 

125 

022 

0-69 

0 012 
0-044 
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Table V and Fig 10 give the results of a senes of calculations made 
on these assumptions and they show that the amount of drug tahen up 
by the cells varies approximately as 
(concentration)* The relation between 
the amount of action produced {y) and 
the concentration (a:) is however ex- 
pressed by the formula E x = io§z^ 

There is, therefore, no duect relation 
between the amount of action produced 
and the amount of drug entermg the 
cells 

In the first experiment m Table V 
a 10 p c reduction was produced m a 
strip weig hin g 26 mg by a 2 x 10“* mol 
solution and m the moist strip by a 
quantity of 3 3 X 10“^ grm mol , this 
latter quantity would, however, only pro- 
duce a concentration of 1 3 x 10~* mol 
if distributed equally throughout the jjg iq Relation between con 
26 mg of flmd and tissue In this case, “{“^glnken^P % *{>« 

therefore, the concentration of drug m- heart cclle (two It 

side the cells must actually have been taken up by l mg of uane 

less than the concentration of drug ™ 

around the cells On the other hand, 

when larger quantities of drug are added its concentration mus 
considerably greater withm than around the cells These e^erim^ 
suggest, therefore, that the action of acetyl cholme m ^ 

hibition of the heart cells, and the entrance of the drug into t 
are two mdependent processes, which have no certam re a ion o 



The amount of drug reaction with a single cell The experiinents 
smaU quantities of drug permit the calculation of the ® 

that unite with a smgle ceU Table V shows that a o p c 
the isometric response of the heart is produced by C . x 
per miUigram of heart ceUs, and that a demoi^trable action 
about one-hundredth of this amount enters the heart - ^ The ^o 
records shown m Fig 8 and Table V show that a demonstmb^nc^ ^ 
,s produced when about 10-« grm mol per milh^m o h 

ta^^en up by the tissue The average °Vk( 3 ,) Each 

shaped heart cells of the frog are ISOg x lOg (Skramlik(3)} 
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cell, thetefore, ias approximately a cubic couteat of 3400 p?, and a 
surface area of 2000 p® One mg of beart tissue 'will cou'tam, tlierefore, 
approxunately 300,000 cells, and ■fcliis will bave a total surface of 6 sg cm 
One molecule of a fatty acid m a condensed film on tbe surface of 
water covers a surface of about 20 X 10"^® sq cm (Langmuir, Adam), 
a molecule of cbolesterol about 40 x 10"^® sq cm , and eacb fatty acid 
cliam of lecitbm about 50 x 10“^® sq cm (Leatbesti)) It appears 
probable, therefore, that a molecule of acetyl cbolme will cover be'tween 
20 and 100 x 10“^® sq cm One gnu mob may be taben as con- 
tammg 7 x 10® mol and therefore if 1 mg of heart cells tabes up 
6 2 X 10“® gnn mol , eacb heart cell will tabe up 

alTw ~ 1^>®00,000 mol 

and tbis number will cover an area of tbe order of lO""* sq cm whereas 
the ceU has an area of 2 x 10"® sq cm Tbe smallest quantity of acetyl 
choline observed to produce an action, namely, 10"^ grm mob per 
milbgram of heart, would provide about 20,000 molecules per ceU and 
these would cover an area of the order of 10"“ sq cm 

These figures show that it is impossible that acetyl cbolme should 
act by formmg a continuous layer over the surface of the heart cells, 
or by covering any larger area inside the cells 

The amount of drug reacting with the Rectus abdominis A few expen- 
ments with smaU quantities of fi.uid were performed on the Eectus 
abdominis In one case the muscle weighed 0 1 grm and a contraction 
30pc ofthemaximalwasproducedbyimmersionm20c c ofl0"*mob 
solution, or by adding to the moist muscle 2 x 10"® grm mol of acetyl 
cholme This latter quantity would, however, produce a concentration 
of 10~* mol m only 0 02 c c This experiment suggests that the con- 
centrated solution diffuses only mto about one-fifth of the muscle The 
result would be accounted for if the drug difiused mto the tissue flmds 
of the muscle and the amount taben up by the muscle cells was neghgible 
This accords very well with the results obtamed upon the heart, but 
I am not satisfied that the concentrated solutions difiused evenly 
throughout the muscle and therefore the experiments cannot be re- 
garded as conclusive 

Discussion These experiments throw some light on the mode of 
action of acetyl chohne on muscle cells Straub(2) concluded that 
alkaloids act ou heart muscle m two ways, for he showed that some 
alkaloids such as strychnme and morphme were concentrated m the heart 
cells nhereas other drugs such as muscatme, pilocarpine and adrenahne 



544 


A J CLARK 


were not so concentrated He concluded that the action of these latter 
drugs was dependent on the potential difference between their con- 
centrations within and without the cells This conclusion was based on 
the fact that muscarme gradually entered the cells and as the dmg 
accumulated in the cells its action on the heart diminished 

This passmg off of the action of a drug after prolonged exposure of 
a tissue to it has also been shown to occur when pdocarpme acts on the 
rabbit’s isolated mtestme (Neukirch(5)), and when adrenaline acts 
on the same tissue (Jendra8sik(6)) Wertheimer and Paffrath(7) 
mvestigated a senes of chohne compounds and found that the intensity 
of theur action was mversely proportional to the rate at which they 
diffused into hvmg tissues For example, they found that acetyl choline 
had 1000 times as mtense an action as cholme upon the isolated gut 
of the gumea-pig hut that cholme diffused through frog’s skin 1000 tunes 
as rapidly as acetyl chohne 

My results agree with the above observations m that they show that 
there is no direct relation between the amount of acetyl cholme which 
enters the heart cells and the action of the drug on the cells The results 
described can be explamed most readily on the assumption that two 
processes are occurrmg, namely, an action of the drug on the cell surface 
which proceeds very rapidly and which commences at very high dilu 
tions, and secondly, an entry of the drug mto the cells which proceeds 


more slowly and commences at higher concentrations 

I consider it is doubtful whether the partial recovery of the heart 
on prolonged exposure, as shown m Fig 1, is due to the entry of the drug 
mto the cells, because m the first place this recovery effect is remarkab y 
variable as is shown by the two curves m Fig 1, and secondly, because 
no similar recovery effect was observed nhen acetyl chohne was alio we 
to act for periods as long as 2 hours upon the Rectus abdominis This 
recovery effect on prolonged exposure of tissues to drugs with reversi 
actions, although it can be demonstrated wnth many drugs and 
tissues, IS certamly not a universal rule No such recovery is obscrv 
when atropme is allowed to act upon the heart, nor when 
concentrations produces a contraction of the Rectus abdominis i < 
observed that low concentrations of nicotine would mamtam a coa^ 
traction of the Rectus abdommis for an mdefinite period, and 1 oun ^ 
that this was the case for the longest period measured, namely, a o 


2 hours , jjjp 

In view of the very great mdividual \nriations observe 
sensitivity of hearts to acetyl cholme it appears possible that a 
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on prolonged exposure to tiie drug may acquire some form of tolerance 
to tte drug quite mdependently of the entry of the drug mto the cell 
The relation between the concentration and action of acetyl chobne 

m most cases follows the formula E x = simplest ex- 

planation of this fact IS to suppose that a reversible monomolecular 
reaction occurs between the drug and some receptor m the cells A 
Eunilat type of curve is observed m the dissociation of dilute solutions 
of oxyhffiinoglobm (Hartridge and iloughton(9)). 

My experiments do not exclude the possibility of the formula bemg 

A x" = where n is a figure between 0 8 and 11 If n is a figure 
less than 1 the explanation of the relation between concentration and 
action would be much more difficult 

Yanous writers have explamed the relations observed between the 
concentration and degree of action of drugs on hvmg tissues on the 
supposition that the curves are frequency curves due to variations m 
the susceptibility of the cells on which they act This type of curve may 
be anticipated when a drug produces an irreversible action, and 
Peters (10) showed that the rate of action of mercuric chlonde on Para- 
fflucio could thus be explamed Shackell(ii) has apphed this theory 
to the freely reversible action of adrenahne on arterial rmgs, and 
GaddumCiS) has adopted the same explanation for the relation between 
the concentration of adrenahne and its action on the isolated rabbit’s 
uterus The figures which he gives can, however, be fitted fairly closely 
by the formula given above for the action of acetyl cholme on the heart 
The great range of concentration over which acetyl chobne produces 
a graded response necessitated the plottmg of the concentration, m the 
figures of this paper, on a logarithmic scale, and this renders the relation 
between concentration and action somewhat less obvious These curves, 
as sbowu m Figs 5 and 6, are rectangular hyperbolae, and cannot he 
interpreted as frequency curves Between the hniits of 15 and 85 p c 
of maximal action, however, the relation between log concentration 
and action is almost bnear, and P eterB(iO) has pomted out that a simple 
exponential relation of this kmd difiers very httle from the middle 
portion of a frequency curve The true relation between concentration 
and action is therefore only to be established by the observations on the 
nearly minimal and neatly maximal actions This fact shows the im- 
portance of studymg the actions of drugs on tissues under conditions 
which permit the takmg of measurements over the full ranee of actions 
of the drug 

rn Ln 
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CONOLTJSIONS 

(1) Acetyl choline produces a graded action upon the isolated len 
tricle and Rectus abdommis of the frog over a 100,000-fold range of 
concentrations 

(2) The relation between the concentration of the drug and the 

action produced can be expressed by the formula K x = where 

X = concentration of drug, y = action produced, expressed as maximal 
possible action, and K = constant 

(3) This relation suggests that a reversible monomolecular reaction 
occurs between the drug and some substance either m the cell or on its 
surface 

(4) The quantity of drug that is fixed by the cells is very small It 
IS calculated that a demonstrable action may be produced on the heart 
when only 20,000 molecules per cell are fixed these could occupy only 
a very small fraction of its surface 

(6) There does not appear to be any direct relation between the 
amount of drug entermg the cells and the amount of action produced by 
it These two processes seem therefore to be mdependent 
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THE ANTAGONISM OF ACETYL CHOLINE BY 
ATROPINE BtA-JCLARK 

(From the Pharmacological Department, Umtersitg College, London ) 


The mode o£ actioH o£ acetyl ctolme upon, tke isolated ventricnlac strip 
and tke Eectus abdommis of tke frog kas keen discussed in a prenons 
paper(i) and tke technique used m tke experiments described belorr is 
tke same as there described Tke relation between tke action (y) ex- 
pressed as tke percentage of maximal possible action, and the concen- 



cholmc y=pcreentage reduction m isometnc contnicbon- Ordmate loi—F— 

. t *100-v 

o*cisM Logr Molar concentrations of atropm* I, no atropine, H, 10-s EDUO-^' 

, 10-« \ 1Q-, ' 
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tration (a;) of acetyl cholme lias been shown (i) to follow the following 
formula 

Formula I R x — ^ — 

100 -y 

The curves I m Pigs 1, 4 and 6 show this relation If the formula 
IS expressed as K x’^ = Too^> ften the values for n m these three 
curves are 1 05, 0 85 and 0 76 respectively, but of these numbers the 
first IS based on many more observations than the other two As I have 
been unable to prove that n is for certam either more or less than 
unity I have assumed that this is its value 

Pig 1 shows the effect on the response of the isolated ventricle to 
acetyl chohne of the presence of mcreasmg concentration of atropine 



Pig 2 Action of acetyl chohne on the frog a vcntncio in presence of atropine so® 
response, stunoh 30 per minute ) 

A-1?, action of acetyl cbolme in absence of atropine MoUr 
A, 6 X 10-*, £, 10-«. C,5x 10-» P, 10-', £, 5x10-’ P, 5 x 1^ O. - ^ 

H-K^ action of acctvl choline in presence of atropine 3 x I(r* m 
ccntrations Ac. Ch H 10"’ /. 2 x 10"’ ^.5x10" r -.r^lO-", 

L-N, atropine 3 x 10“’ molar Molar concentrations Ac. Ui r/, - 
SxlO-^, A, 26x10-' 

0, atropine 10“* molar 'Molar conccntrotinns Ac Ch - > x i 
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m tte fluid around the tissue, and Fig 2 shows samples of the curves 
from which Fig 1 was constructed Fig 3 shows the molar concentra- 
tions of atropine and acetyl chohne which when present together produce 
a 50 p c reduction m the response of the heart 



Iig. 3 CoDcentrshons of acetyl cholme and stropme which when present together produce 
50 p c. redaction m the response of the heart. Oidmate Log of molar cone of acetyl 
choline. Abscissa Log. of molar cone of stropme 


It will be seen that over the greater portion of the curve the relation 
between the concentrations is 

Log (molar cone Acetyl chohne)— Log (molar cone Atropme) == constant 

Therefore, when constant effects are produced the following relation 
holds 


Formula II = constant 

There is naturally a threshold for the concentration of acetyl chohne, 
namely the concentration needed to produce 50 p c reduction m the 
absence of atropme (10-® molar) The valnes ohtamed suggest that there 
IS also a threshold value for the concentration of atropme between 
10 ® and 10“® molar, below which it produces no demonstrable effect 
The figures for the action of acetyl cholme when the concentration of 
atropme is 10-’’ molar or less show a deviation from formula II This 
sbgbt denation was also observed m other experrments, and I beheve 
that It cannot he explamed as due to experimental errors I have been 
^able to de\Tse any simple formula which will cover this deviation, 
at if the figures for these lowest active concentrations of atropme be 
Ignored, then formula II holds 
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A combination of formulie I and II gives the following 

Cone Ac Ch y 


Formula III K 


Cone Atr 

This formula is the same as that found by Hufuer(3; to express 
the combmation of hsemoglobm with oxygen m the presence of carbon 
monoxide, a conclusion confirmed later by Douglas, Haldane and 
Haldane(3) 

Figures calculated by means of formula HI agree very well with 
the results shown in Fig 1 , m this experiment A = 0 028 Table I 

Table I Concentration of atropine constant at 10”® molar 

320 
90 
Oo 

j — -j- - • w ' ■ 

(Complete arrest = 100) 

shows the calculated and observed results when the concentration of 
atropme is taken as constant {10“® molar) Table 11 shows the calculated 

Table IL Concentration of acetyl choline constant at 3 2 x 10~® molar 

Molar oonc. atropine x 10* 

Percentage of action produced ( Calculated 
by acetyl choline ( Obserred 

(Complete arrest = 100) 


Molar cone acetyl cholme x 10® 


32 

10 

32 

100 

Percentage of action produced 

1 Calculated 

8 

22 

47 

73 6 

by acetyl cholme 

\ Observed 

8 

20 

42 

70 


1000 

8 

0 


100 

47 

34 


10 

90 

04 


1 

99 


and observed results when the concentration of acetyl choline is taken 
as constant at 3 2 x 10-3 molar Fig 3 shows the observed results when 
the action produced is taken as constant 

In these experiments the concentrations of acetyl choline use 
from 0 1 to 10-® molar and the concentrations of atropme from 
to 10“'^ molar and the agreement between the observed and ca cu a c 
figures over this very wide range of concentrations must be con 

satisfactory j 

The values obtamed for K m expenments on different hearts ^ ^ 

The figures obtamed m four experiments were as follows 0 ^ 

0 028 This variation is probably connected with the grea 
observed in the susceptibilities of different hearts to acety c o 

The experiments show that m any single heart an cqua e ^ 
produced as the resultant of the action of the two drugs g 

Co„y^c_CJ^ Pemams constant, provided that the concentration o 

atSpme is sufficient to produce a well-marked 

accordance with that found by Cushny(4) for t e jog 

atropme ol the ael.oe of pJoc»q.me on the of 

He found that one part of atropme antagonised a g 
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pflocaipjne, and that this ratio remained constant even rrhen the doses 
were vaned fifty-fold. 

Figures given hy Broom and Clark{5) show a similar relationship 
for the antagonism of adtenahne by ergotamme m the isolated rabbiF s 
uterus These figures show that approximately equal efiects are produced 
with the following concentrations of the two drugs 

31oL cone, ergotaimne y 10® 0 4 8 16 32 53 

3IoL cone, adrenaline x 10® 22 112 220 220-440 440-SS0 8S0 

The ratio between the concentrations of ergotamme and adrenahne 
IS about 1 to 25 and remains nearly constant 

Gaddnm(6) gives results that show that the ratio between the 
concentrations of adrenahne and ergotamme that produce equal actions 
on the isolated rabbit’s nterus remains approiomately constant The 
rahhit s isolated nterus is not well adapted to accurate quantitative work, 
hut these results show that the antagonism between adtenahne and 
ergotamme fohows a conrse very Bumlar to the antagonism between 
atropme and acetyl chohne 

The results obtamed with the Rectus abdominis muscle are not quite 
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so simple Fig 4 shows a sample of the measurements obtamed and 
Fig 6 the concentrations of acetyl cholme and atropme which, when 
actmg together, produce a con- 
traction amountmg to 20 p c of 
the maximal These results follow 
the formula 
Formula lY 

Cone Ac. Ch. V 


K 



(Cone Atr )' ‘ 100 - y 

This formula gives satisfactory re- 
sults over the range of concentra- 
tions at which atropme produces a 
well-marked effect 

The followmg values were found 
for E with the Eectus abdominis 
0 32, 0 26, 0 16, 0 1 A relation of 
a somewhat similar type was foimd 

by Le Heux, Storm van Leeu- ^4 -3 

wen and van den Brocke(7), Pjg 5 concentrations of acetyl chollno #nd 

who studied the action of atropine K 

and pilocarpme on the isolated gut abdominis Ordinate and abscissa m in 
of the rabbit They showed that iffoUt experiments ) 

Lidth de JeudefS) was mistaken 

m supposmg that the action of atropme was not dependent on 
concentration of the drug, and that the relation between atropine an 
pilocarpme could be expressed by the statement that equal effects w 

produced when ^ ^ (Cone Pilo )" 

In one of their experiments n was 16 i. j bad 

The Quantity of Atropine Uniting with the Heart I have descri 

m the previous paper (i) a method of estimatmg the amount o 
actually reactmg with tissues by addmg to the moist ^ 

a mmute quantity of fluid This method was used with “tropme 
reaction of a heart strip to solutions of acetyl cholme was 
mmed, and then the reaction of the preparation to mmute 
acetyl cholme After these flgures had been determmed a sma q 
of atropme was added to the moist strip in 1 mg o . lyjg 

10 mmutes the reaction of the strip to a mmute quantity of ace y 
was measured The strip was then thoroughly washed and P 
recommenced 
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Th.e results obtained are shoivn m Fig 6 Tbe addition of 10 gma 
mol^ of atropine reduces tenfold the sensitivity of the strip to acetyl 
ctohne Accurate measurements are very difficult to obtam mth this 



Fig 8 Antagonism oj small abaoluts qnantitiea of acetvl chokne by small absolute qnantities 

of atropinemaTentncnlarBtnpl'sveight 15mg ) Ordinate Log=— — (y=perceiitage 

IW/ “ y 

reduction in response) Abscissa alongtop — •I*go{molareonc.acetylcboline(ciiiTeI), 
along bottom — Log of gram mols of acetyl chohne added (curves II-V) 

L Eesponse of heart immersed m 6 c-c, of solution (no atropme) 

II-V Eesponse of moist veutncnlar stnp to small quantities of acetvl choline 
Gram moL of atropine present II, Kil TTT, 10 -ro jq-« 

method, and therefore I cannot say definitely whether, when equal effects 

are produced, the fraction remains constant or not. Fig 7 

suggests that the ratio probably does remam constant 

These experiments are quoted merely to show that the amount of 
atropme which actually unites with the heart tissues is extremely small, 
and of the same order as the amount of acetyl cholme 

The Rate of Action of Atropme 'When atropme is mtroduced to a heart 
depressed by the presence of acetyl cholme, the length of time taken by 
the atropme to produce half its action m antagonismg the acetyl cholme 
varies from 20 to 60 seconds The rate of action of atropme is less than 
all the rate of action of acetyl cholme Rates of action as rapid as these 
cannot, however, be determmed with any accuracy because of the error 
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drug diffusing into the sponge-liie tissue of 

~ 7 | 1 1 r— I 


due to the delay caused by 
the ventricle 

The rate of wash-out of atropine 
IS very much slower than its rate 
of action The rate of wash-out can 
be calculated by testmg the heart 
repeatedly with acetyl cholme after 
removal of the atropme solution 
In this way the concentration of 
atropme can be calculated that 
would be needed to produce the ob- 
served mterfeience with the action 
of acetyl cholme Table III shows 
figures fhus obtamed, and mdicates 
that about half the drug is removed 
m about 10 mmutes 

Acetyl cholme is washed out of 
the heart m about half a mmute 
and therefore the rate of release of 
atropme is far slower than that of 
acetyl chohne 



‘_n -10 -9 -e/m 


Fig 7 Antagomsm ol small nbsolulc (jumIi 
ties of ocetyl ohohno by small ivbsolute 
quantities of atropme Ordmatc Loc of 
gram mols of acetyl cholme needetl to 
produce a 60 p o. reduction m the ro 
sponse Abscissa Log of grain mots of 
atropme present 


Table TTT Effects produced on heart by acetyl cholme 10”’ • molar dnrmg the vash out 
of 10“‘ molar atropme The above concentration of acetyl cholmo produced 99 S 
reduction of response m the heart before the introduction of atropme 


Time m minutes since 
atropme removed 0 d 5 
Percentage reduction 
in force of response 20 28 37 

Molar cone atropme 
ivhioh ivould dimm 
ish the action of 
10“’ • molar Ac. Ch. 

to this response 10”’ 10”’’ 10”’"’ 


10 

20 

40 

00 

00 1-0 

44 

02 5 

70 

75 

84 S7 

10-’-” 

10-5-J 

10-’-’ 

10”* 

10-’-” KT* 


The Mode of Antagonism of Atropine and Acelgl Chohne The fibres 
in Table III show at once that the antagonism between these tuo dniga 
depends upon the atropme bemg lived m some manner by the tissu^ 
for the atropme contmues to exert its antagonistic action on 
choline for a long tune after thorough and repeated wnshmg away o a 
the drug around the heart cells This excludes the possibility of m 

antagonism bemg due to any reaction between the drugs outside t c ea 

C0lls J 

The two drugs do not appear to react when the atropme is fixe 
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the heart cells, for the application of concentrated solutions of acetyl 
chokne does not hasten the rate at Achich the atropme is Trashed out. 

Straub(9) suggested that atropme rendered tissues impermeable to 
drugs like acetyl chohne He concluded that m the heart of Aplysia 
muscanne acted only Tvhen entermg or lea-nng the tissues, but he 
admitted that this Tvas not the case m the frog’s heart There is, mdeed, 
no evidence that the action of acetyl chohne depends upon the drug 
entering the heart cells I shoived m a previous paper (i) that the drug 
does enter, but that there was no clear relation between the amount 
entermg the heart cells and the amount of action which it produced 
The relation foxmd to hold over a wide range of concentrations for the 
antagonism between acetyl chohne and atropme, namely 

_ Cone. Ac. Ch. y 
Cone. Atr ~ 100 - y 

is the same as that found for the antagonism of oxygen and carbon 
monoxide when the two substances react with hmmoglobm There is, 
however, a fundamental drSerence between these two processes because 
oxygen and carbon monoxide displace each other from combmation inth 
haemoglobm This does not appear to be the case with acetyl chohne 
and atropme, for when a heart which is recovermg from atropme is 
nsposed to a concentration of acetyl chohne sufficient to produce arrest, 
this does not mcrease the rate of recovery of the heart from the atropme 
Acetyl chohne m excess, therefore, does not react mth the atropme to 
neutralise it, nor does the former drug displace the latter from the heart 
cells 

Atropme and acetyl chohne, therefore, appear to be attached to 
difierent receptors m the heart cells and their antagonism appears to 
be an antagonism of effects rather than of combmation The evidence 
avaflable is insufficient to make the pubhcation of further speculation 
as to the nature of the antagonism profitable 

COXCLUSIOXS 

(1) The action of acetyl cholme and atropme on the heart, when both 
are present, can be expressed by the formula 

^ Cone. Ac. Ch. _ y 
Cone. Atr ~ 100 -y 

(y = action produced by acetyl cholme expressed as percentage of 
maximal possible action, and A is a constant) This formula only holds 
TThon atropme is present m a concentration sufficient to produce a well- 
marked action 
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due to tile delay caused by drug diffusing into the sponge-like tissue of 
the ventricle 


The rate of wash-out of atropine 
IS very much slower than its rate 
of action The rate of wash-out can 
be caleulated by testmg the heart 
repeatedly with acetyl cholme after 
removal of the atropme solution 
In this way the concentration of 
atropme can be calculated that 
would be needed to produce the ob- 
served mterference with the action 
of acetyl chohne Table III shows 
figures thus obtamed, and mdicates 
that about half the drug is removed 
m about 10 minutes 

Acetyl chohne is washed out of 
the heart m about half a mmute 
and therefore the rate of release of 
atropme is far slower than that of 
acetyl cholme 



Fig 7 Antagonism of small absolute quanti 
ties of aeotyl eholino In small absolute 
quantities of atropme Onlmate ^2 m 
grtviD mols of acetyl choline ncedcU to 
produce a 60 p e reduction m the rc 
sponse Abscissa Log of gram mols. of 
atropme present. 


Table HI Effects produced on heart by acetyl chohne 10”’ ' molar during the wash out 
of 10”’ molar atropme The above concentration of acetyl cholme produced 90 6 p.c 
reduction of response m the heart before the mtroduotion of atropine 


Time in mmutes smee 
atropme remo\ ed 0 2 5 

Percentage reduction 
m force of response 20 28 37 

jUolar cone atropme 
Tvhich would dimm 
ish the notion of 
10”’ ’ molar Ac. Ch 

to this response 10”’ lO”’"’ 10”’- 


10 

20 

40 

00 

90 1-0 

44 

02 5 

70 

75 

84 87 

10-’-” 

1 0 - 5-7 

10 - 5.5 

lO”’ 

10 -*-” 10 -*- 


T/ie Mode of Antagonism of Atropine and Acetgl Chohne The figures 
m Table III show at once that the antagonism between these two drugs 
depends upon the atropme bemg fixed m some manner by the j 

for the atropme contmues to exert its antagonistic action on 
choline for a long time after thorough and repeated washing awa} o 
the drug around the heart cells This excludes the possi 
antagonism bemg due to any reaction between the drugs outsi e c 

c fiTed on 

The two drugs do not appear to react when the atropme i 
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the heart cells, for the appbcation of concentrated solutions of acetyl 
cholme does not hasten the rate at -whicli th.e atropine is vrashed ont. 

Straub (9) suggested that atropine rendered tissues impermeable to 
drugs like acetrl cholme He concluded that m the heart of Aplvsia 
muscaruie acted only when entenng or leavmg the tissues, but he 
admitted that this was not the case m the frog s heart There is, indeed, 
no endence that the action of acetyl chohne depends upon the drug 
entenng the heart cells I showed m a previous paper 0) that the drug 
does enter, but that there was no clear relation between the amount 
entenng the heart cells and the amount of action which it produced 
The relation found to hold over a wide range of concentrations for the 
antagonism between acetyl cholme and atropme, namely 

r Cone. Ac. Ch. y 
Cone. Atr 100 -y 

IS the same as that found for the antagonism of oxygen and carbon 
monoxide when the two substances react with hsemoglobm There is, 
however, a fundamental difierence between these two processes because 
oxygen and carbon monoxide displace each other from combmation with 
hsmoglobm. This does not appear to be the case with acetyl chohne 
and atropine, for when a heart which is recovenng from atropme is 
exposed to a concentration of acetyl cholme sufficient to produce arrest, 
this does not mcrease the rate of recovery of the heart from the atropme 
Acetyl chohne m excess, therefore, does not react with the atropme to 
neutralise it, nor does the former drug displace the latter from the heart 
cells 

Atropme and acetyl chohne, therefore, appear to be attached to 
diSerent receptors m the heart cells and their antagonism appears to 
he an antagonism of efiects rather than of combmation The evidence 
available is insufficient to make the pubhcation of further speculation 
2 s to the nature of the antagonism profitable 

Co^Cl,USIO^S 

(1) The action of acetyl cholme and atropme on the heart, when both 
are present, can be expressed by the formula 

Cone. Ac. Ch. u 
Cone. Atr "‘IW-y 

(»/= action produced bv acetyl cholme expressed as percenta<re of 
maximal possible action, and E is a constant) This formula onlv holds 
when atropme is present m a concentration sufficient to produce’a well- 
marked action 
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by drug difEusmg into the spongedike tissue of 

~ 7 | 1 \ [— I 


due to tbe delay caused 
tbe ventricle 

Tbe rate of wasb-out of atropine 
13 very mucb slower tban its rate 
of action Tbe rate of wasb-out can 
be calculated by testing tbe heart 
repeatedly witb acetyl cbolme after 
removal of tbe atropine solution 
In tbis way tbe concentration of 
atropine can be calculated tbat 
would be needed to produce tbe ob- 
served mterference witb tbe action 
of acetyl cbolme Table III shows 
figures thus obtamed, and mdicates 
tbat about half tbe drug is removed 
in about 10 minutes 

Acetyl cbolme is washed out of 
tbe heart m about half a minute 
and therefore the rate of release of 
atropine is far slower than that of 
acetyl cbolme 



Fig 7 Antagotum of small absolnlc qnanti 
ties of acetyl cholino by small absolute 
quantities of atropmc Ordmote Lop of 
gram mols of acetjl oholmo needed to 
prodnce a 60 p o. redncfion in the ic 
sponse Abscissa Log of gram mols of 
afropmo present 


Table in Effects produced on heart by acetyl cholino I0~’ * molar durmg the wash out 
of 10~* molar atropine The abore concentration of acetjl cholmo produced 99o pe. 
reduction of response m the heart before the mtroduction of atropmc 
Time m mmutes smee 

atropme removed 0 J 6 10 20 

Percentage reduction 

m force of response 20 28 37 44 C2 5 

Jlolar cone atropme 
which would dunm 
ish the action of 

10~’ “ molar Ac. Ch , ,n-4isirr<- 

to this response 10“^ 10“’ ’ lO"*"’ lO”*"” lO”*"’ 10“ 10“* 10 

T/ie Mode of Aniagomsm of Atropme and Acetyl Choline The figures 
m Table III show at once that the antagonism between these two drugs 
depends upon tbe atropme bemg fixed m some manner by the tissues 
for tbe atropme contmues to exert its antagonistic action on 
cbolme for a long tune after thorough and repeated wasbmg awnj o a 
tbe drug around the heart cells This excludes the possibility of the 
antagonism bemg due to any reaction between the drugs outside t e ea 

cells . j jj 

The two drugs do not appear to react v hen the atropmc is x 
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the heart cells, for the application of concentrated solutions of acetyl 
cholme does not hasten the rate at rriuch the atropine is 'srashed out. 

Sttauh(9) suggested that atropine rendered tissues unpenneable to 
drugs like acetyl choline He concluded that in the heart of Aplysia 
mnscaime acted only rrhen entering or leaving the tissues, but he 
admitted that this was not the case m the frog’s heart There is, indeed, 
no evidence that the action of acetyl chohne depends upon the drug 
entering the heart cells I sho'wed m a previous paper (l) that the drug 
does enter, hnt that there vras no clear relation between the amount 
entering the heart cells and the amount of action which it produced 
The relatiou found to hold over a wide range of concentrations for the 
antagonism between acetyl chohne and atropine, namely 

„ Cone. Ac, Ch. _ y 
^ Conc.Atr “iOO-y 

IS the same as that found for the antagonism of oxygen and carbon 
monoxide when the two substances react with hBemoglohm There is, 
however, a fundamental difference between these two processes because 
oxygen and carbon monoxide displace each other from combination with 
h®moglohuL This does not appear to he the case with acetyl cholme 
and atropme, for when a heart which is recovermg from atropme is 
exposed to a concentration of acetyl chohne sufficient to produce arrest, 
this does not mcrease the rate of recovery of the heart from the atropipe 
Acetyl chohne m excess, therefore, does not react with the atropme to 
neutralise it, nor does the former drug displace the latter from the heart 
cells 

Atropme and acetyl chohne, therefore, appear to be attached to 
different receptors m the heart cells and their antagonism appears to 
be an antagonism of effects rather than of combmation The evidence 
avaflable is insufficieat to make the puhbcation of farther speculation 
as to the nature of the antagonism profitable 

Coxclusioss 

(1) The action of acetyl chohne and atropme on the heart, when both 
are present, can be expressed by the formula 

^ Cone. Ac. Ch- _ y 
Cone. Atr "lOoTp 

(y- action produced by acetyl cholme expressed as percentage of 
maximal possible action, and £ is a constant) This formula onlv holds 
^hen atropme is present m a concentration sufficient to produce a well 
marked action ^ 
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(2) The action of the two drugs on the Rectus abdominis can be 
expressed by the formula 

Cone Ac Ch _ y 
(Cono Atr)‘‘~100-y 

(3) The amount of atropme that unites with the heart muscle is 
very small A quantity of 1 4 x 10~^ grm mols per milhgram of heart 
cells suffices to increase tenfold the quantity of acetyl cholme needed to 
produce a given percentage of reduction in the response of the heart 

The eipenaea of this research were covered by n grant from the Government Grants 
Committee of the Royal Society 
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(2) The action of the two drugs on the Eectus abdommis can be 
expressed by the formula 

^ Cono Ac Ch y 
(Cono Atr ‘ ~ 100 ~y 

(3) The amount of atropme that unites with the heart muscle is 
very small A quantity of 1 4 x 10~^ grm mols per milhgram of heart 
cells suffices to increase tenfold the quantity of acetyl cholme needed to 
produce a given percentage of reduction m the response of the heart 

The erpenses of this researoh were covered by a grant from the Government Qmnta 
Committee of the Royal Society 
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EFFECT OF PARATHYROID FEEDING ON THE 
THYROID By DOROTHY YTOODMAN 


{From the Dejpartmeni of Physiology, London {R F H ) 

School of Medicine for TFoJHen ) 

Two hypotlieses have been put forward to explain the relationship of 
the thyroid and parathyroid The first one suggests that the two glands 
are so related in function that a deficiency of the one is compensated 
for by hypertrophy of the other The older experiments of V incent and 
Jollya), Halpenny and ThompsonP) supported this view, but 
Vincent and Arnasonp) were unable to confirm their results 

Scott 'Williamson (4) beheves the thyroids and parathyroids are 
related anatomically, physiologically and pathologically He suggests 
that a flmd matter (not coUoid) is found m the smusoids of the thyroid 
dnrmg secretory activity and can be traced to the tubes of the para- 
thyroid 

The second hypothesis suggests that though the two glands are 
lelated anatomically they are antagonistic m their physiological function 
This IS well supported by a comparison of their efiects on calcium 
metabolism 

The chief difierences between the two glands have been summarised 
by Cowdrey(6) by a comparison of the efieots produced by atrophy, 
removal or administration of extracts of the two glands 

The followmg experiments were earned out to show the efiect of 
parathyroid feedmg on the structure of the thyroid, and hence obtam 
information with regard to the functional relationship of the two glands 
Yery few experiments correlatmg the respective functions and 
structure of the thyroid and parathyroid have been earned out K o ] i m a (6) 
fed rats with parathyroid but his results are not satisfactory as the rats 
had previously been fed with thyroid Halpenny and Thompson^) 
give diagrams which mdicate that after parathyroidectomy the vesicles 
of the thyroid are larger, more irregular, and appear more active 

Methods 

Adult and young rats of both sexes were used for these expen- 
ments 
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Feeding The actual method of feedmg and the diet given is reported 
by W 0 o d m a n (7) Doses of 0 02 grm desiccated parathyroid were given 
daily for periods varymg with the difierent series from 2-5 weeks The 
rats were weighed twice a week 

Histology The rats were killed by chloroform and a small portion of 
the trachea, to which the thyroid and parathyroids were attached, 
removed, fixed m formal-acetic-MuUer and prepared for embeddmg m 
the usual way The appearance, especiaUy the colour, of the thyroid was 
noticed on removal 

The sbdes were exammed to determme the degree of activity of the 
thyroid at death, the degree of activity bemg judged by the followmg 
points 

(а) The amount of colloid — and its appearance, i e degree of stammg, 
and presence or absence of vacuoles 

(б) Character of vesicular epithelium — whether flattened, cubical, or 


columnar 

(c) Size, number and irregularity m shape of vesicles 

Pomts (a) and (6) were specially observed, smce several observers 

have put forward the view that the amount of stored colloid (and there 

fore the type of vesicular epithelium) varies mversely with the degree o 

activity of the gland (Courrier(8), Scott Williamson(4)) 

Parathyroid The parathyroid was exammed to determme if any 

structural change had occurred, special attention bemg paid to the fact 

that wide variations m types of cells and amounts of fibrous tissue 

normally found „ 

^ Results 


The effects of the parathyroid feedmg on the structure of the thvroid 

were so consistent that only a summary is given .^M.idinc 

These results were obtained from (a) six litters of young rats incluaing 

48 rats of both sexes , (b) 29 adult rats of both sexes 

Control Thyroid Typical appearance Fau amount 
present, vacuolated m many cases Epithelium cubica 
Gland appeared resting or active and m most cases y 

Vascular m arany cases V.nat.on .mounts .( 

fibrous tissue present was found m c\ers ca=c 

Parathyroid-fed rats Thyroid period 

Inactivity most marked m rats fed wit ^ distended as to gi'c 

Vesicles distended v ith colloid and m some cas ^ 
an appearance similar to “colloid goitre (see Fig -) 
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Fig 1 Thyroid (control) Kote small vesicles 
Colnmnar epitheUnm. Vacuolated colloid 



Fig 2 Thyroid (parathyroid fed animal) Kote larger yesicles 
distended mth colloid. Epithelium flattened 
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Parathyroid Adult rate showed more fibrous tissue than young rats, 
but on the whole the amount of fibrous tissue present lay withm the 
limits of the normal variations 


Discussion of Results 

Parathyroids The parathyroids of controls are generally formed of 
masses of cells, and only traces of fibrous tissue are found On the other 
hand, the parathyroids of experimental rats appeared m most cases to 
consist of cells more loosely arranged and separated by islands or strands 
of fibrous tissue Hoskins(9) and McCarrison(iO) have both pointed 
out that the parathyroid may either consist of compact masses of cells 
and no strands of fibrous tissue, or the cells may be more loosely packed 
and separated by well-marked reticular tissue McCarrison states 
that both types may even be seen m the same glandule Smce these 
variations m structure may be found m the normal gland, the apparent 
mcrease of fibrous tissue m several of the parathyroid-fed rats cannot 


be ascribed to a specific effect of the parathyroid feedmg 

Thyroid Macroscopically, the thyroids of rats which had receiv^ 
parathyroid were a pale pink m colour as compared with the healthy r 
colour of controls This change m colour of the thyroid was also found 
by Cameron and Carmichael(U) after thyroid feedmg, which, as is 
discussed below, produced the same histological effect as reporte 
after parathyroid feedmg HistologicaUy, the appearance of the thjroiu 
m the rats which had received parathyroid was quite different om a 
m the controls The vesicles were large, distended with coUoid, an 
vesicular epithehum was flattened The effect was more marked wnere 
animals received parathyroid for a longer time 

The assumption is, that parathyroid feedmg, since it 
accumulation of colloid m the gland, has inhibited the ^ctivi^ ^ 
thyroid These results might be interpreted m 
support of the suggestion that the thyroid and parath^o d 
pensatory to a certam extent, or that they are antagonis i ^ 

" CamLon and CarmichaeKu, and im a (O reported ^ 

thyroid feedmg produced an mactive appearance e m 

results of parathyroid feedmg appear to Lie 

the thyroid and therefore suggest, at first sight, that g 

a simdar function and are able tx> 

if the effect of parathyroid feeding IS to replace the 

m the body thereby causmg a storage of Jf^^auccd by 

expect simUar changes m body weight and growth to tho.c pr 
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tkyioid feeding It has already been reported by WoodmanCT), that 
no marked effect on groivth rras found after parathyroid feeding, and 
certainly not the decrease in weight which is found ■with thyroid feeding 
Thus it IS questionable whether the inhibition of the thyroid is due to 
a replacement of its function by the parathyroid 

On the other hand, the influence of the thyroid and parathyroid on 
both calcium and carbohydrate metabolism has suggested that they are 
antagonistic Ko]ima(G) found a storage of colloid m the thyroid after 
parathyroid feedmg but did not contmue to mvestigate whether the 
effect was due to the parathyroid or to previous thyroid feedmg The 
results of the experiments reported here suggest that his results were 
due to the parathyroid feedmg Critchley(i2) reported that 11 cases 
of Graves’ disease were treated with parathyroid, and m every case 
nervousness and tachycardia were dimmished, and m five cases the goitre 
was reduced The results of the experiments reported here taken m 
con3unction -with the above report of Critchley and the results of 
Halpenny and Thompson^) suggest that the parathyroid normally 
inhibits the thyroid 

SUMMAPY A>T) COXCLCSIOXS 

(1) Admmistration of parathyroid produces no marked structural 
change m the parathyroid 

(2) The thyroid of rats fed on parathyroid presents an inactive 
appearance as shown by the mcreased amount of colloid present and the 
distension of the vesicles 

(3) It IS suggested that the effect of parathyroid feedmg on the 
thyroid is due to the antagonism of the two glands rather than to a 
replacement of the thyroid function by the a dminis tered parathyroid 

In conclusion I wish to thank Prof Cull is for her help and criticism 
throughout this work, and also the Royal Society for a grant allotted 
towards the expenses mcurred 


BEFEKEXCES 

1 t mcent and Jolly This Jonm. 32 p 65 1905 

~ Halpenny and Thompson. Anat Anieig 34. p 376 1909 
3 Vincent and Arnason. Endoc 4. p 197 1920 
4. Scott vyilliamaon. Lancet u p 1337 1922. 

5 Cowdrey Endoc. and Metab 1 p 505 1922 

2 ^o]*™a Quart Jonm. Exp Phys 11 p 272 1917 

' Woodman. Biochem. Jonm. 19 No 4. p 595 1925 
S furrier Compt Rend. Soc. BioL 88 p 869 1922 
9 Hoskins Endoc 8 p 177 1922 

10 JlcCarnson. The Thyroid Gland, p 11 (Bailhfere TmdaU & Coi ) 
Cameron and^Cajmichaeh Jonm. BioL Chem. 45 p 69 1920 


10 X doum, J510L L/UetCL p 

1— v^ritchley The Practitioner 113 Xo 1 p 56 1924. 


PH LXI 



STUDIES ON THE INTERNAL SECRETIONS OF THE 
OVARY I The distribution in the ovary of the oestrus- 
producing hormone By A. S PARKES {Beit Memorial 
Research FeUow) and C W BELLERBY 

{From the Department of Physiology and Biochemistry, , 
University College, London ) 


1 Introduction 


By experimental excision it has been shown quite definitely that the 
presence of the ovary is essential for 

{a) The development of the accessory organs of reproduction 
(6) The occurrence of the cyclic changes which constitute the cestrous 
cycle 

(c) The persistence of pregnancy (durmg the early stages) and the 
development of the mammary glands 

Further, smce transplantation of the ovary has not the same m- 
hibitory effect as excision, it must be supposed that the means of control 
IS hormomc In addition, functional correlation between the ovaries 
and the accessory organs suggests that the maturation of the Graafian 
foUicles results in oestrus, and that the subsequently developed corpora 
lutea are responsible for the mamtenance of pregnancy, the deieop 
ment of the mammary glands, and for the inhibition of cestms 
pregnancy Smce the accessory organs develop in the absence of o 
mature follicles and corpora lutea, neither of these can be necessari y 


associated with them development 

Of the three possible tests for internal secretion the thud and m 
fundamental, extraction of the active prmciple from the o^gon ^ 
question, has only been satisfactorily applied to one of these un 
of the ovary, i e the production of cestrus Ovarian extracts c i 
capable of causmg development of the accessory organs a er 
ovariotomy or capable of takmg the place of the corpus 
not yet been prepared Whether or not three separate and disl^^^ 
internal secretions of the ovary exist, it is certam that 
producmg hormone does not represent the entue internal 
apparatus of the ovary 
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Extraction of ovaries vnth. tlie idea of obtamuig substances capable 
of takmg the place of the ovaries in ovariotomised animals rvas originally 
began many years ago, but the early work was severely handicapped 
in many ways 

The first real advance was made by Adler(i), who stated that he 
could produce, by mjection of aqueous extracts of whole ovaries mto 
virgin animals, changes m the gemtal organs, especially the uterus, 
which resembled the appearance of natural rut His results were checked 
by histological exammation 

IscovescoCie) -was the first to employ organic solvents to extract 
the active substance He obtamed from the whole ovary a substance 
which produced on mjection, congestion, hEemorrbage, and augmentation 
of weight and volume of the uteri of normal adult animals These uteri 
were two or three times the weight and volume of those of the control 
animals Eellner(iO) shortly afterwards described the preparation of 
a substance by alcohohc extraction of whole ovaries, which, on mjection 
mto ovariotomised rabbits, produced symptoms of oestrus such as hyper- 
plasia of the uterus and vagma Okinschitzps) prepared extracts 
from whole ovaries, hquor folhculi and corpora lutea, by grmdmg with 
sahne and glycerol He claimed that subcutaneous mjection of the first 
two extracts retarded the rate of atrophy of the uteri of ovariotomised 
rabbits but that the last-named extract produced no such efiect Seitz, 
Vintz and Eingerhut( 20 ) m the same year prepared from the corpus 
luteum by extraction with alcohol and acetone, two substances, one of 
which promoted menstruation, whilst the other had an inhibitory action 
Later, m 1916, they stated that an active substance could be obtamed 
from whole ovaries and placenta Herrmann and Frankelps) claimed 
to have separated from whole ovaries and placenta a hpoid substance, 
which when mjected mto immature rabbits, caused development of the 
whole gemtaha, namely, the vulva, vagma, uterus and ovaries From 
1915 onwards Frank and his co-workers (U, 12 , 13) published a senes of 
papers, m which their observations agreed with those of Herrmann 
and Frankel They also obtamed an active substance from corpora 
lutea Theur extracts were tested on immature rabbits and on castrated 
Aschner(4) showed that subcutaneous mjection of extracts of 

ovary and placenta produced symptoms of cestms m castrated gmnea- 
pigs 

^ spile, however, of this large amount of work, it was not imtil 
923, when Allen and Doisy(3) published a series of papers, that the 
accurate testmg of extracts was recorded These authors pomt out the 

37—2 
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pregnancy Smee the accessory organs develop m the absence o o 
mature follicles and corpora lutea, neither of these can be necessar 
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Of the three possible tests for mtemal secretion the third and 
fundamental, extraction of the active principle from the 
question, has only been satisfactorily applied to one of these 
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Extraction of ovaries ■with, tte idea of obtammg substances capable 
of tAViTig tbe place of tbe ovaries in ovariotomised animals vras ongmally 
began many years ago, but tbe early work was severely handicapped 
m many ways 

The first real advance was made by Adler(i), who stated that he 
could produce, by mjection of aqueous extracts of whole ovaries mto 
virgm animals, changes m the gemtal organs, especially the uterus, 
which resembled the appearance of natural rut His results were checked 
by histological exammation 

lBcovesco(i6) was the first to employ orgamc solvents to extract 
the active substance He obtamed from the whole ovary a substance 
which produced on mjection, congestion, hsemorrhage, and augmentation 
of weight and volume of the uteri of normal adult animals These uteri 
were two or three tunes the weight and volume of those of the control 
ammals Fellnerpo) shortly afterwards described the preparation of 
a substance by alcohohc extraction of whole ovaries, which, on mjection 
into ovariotomised rabbite, produced symptoms of cestrus such as hyper- 
plasia of the uterus and vagma 0kinschitz(i8) prepared extracts 
from whole ovaries, hquor foUicuh and corpora lutea, by grmdmg with 
salme and glyceroL He claimed that subcutaneous mjection of the first 
two extracts retarded the rate of atrophy of the uteri of ovanotomised 
rabbits but that the last-named extract produced no such efiect S eitz, 
Wintz and Fingerhut( 20 ) m the same year prepared from the corpus 
luteum by extraction with alcohol and acetone, two substances, one of 
which promoted menstruation, whilst the other had an inhibitory action 
Later, m 1916, they stated that an active substance could be obtamed 
from whole ovaries and placenta Herrmann and Fr ankelfis) claimed 
to have separated from whole ovaries and placenta a hpoid substance, 
which when mjected mto immature rabbits, caused development of the 
whole gemtaha, namely, the vulva, vagma, uterus and ovaries From 
1915 onwards Frank and his co-workers (U. 12 , 13) published a series of 
papers, m which them observations agreed with those of Herrmann 
and Frankel They also obtamed an active substance from corpora 
utea Then extracts were tested on immature rabbits and on castrated 
Kts Aschner (4) showed that subcutaneous mjection of extracts of 
ovary and placenta produced symptoms of cestrus m castrated numea- 

pigs 

amount of work, it was not until 
3, when Allen and DoisyP) published a series of papers, that the 
accurate testmg of extracts vras recorded These authors pomt out the 

37—2 
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fimdamental weakness of the greater part of this earlier work, and 
emphasise two pomts of major importance 

(а) That no substance can be said to be capable of taking the place 
of the ovary unless tested on ovanotomised animals Most of the earlier 
workers tested extracts on “virgin” animals 

(б) That the criteria of oestrus which were used by earlier workers 
had httle or no meanmg 

Allen and Doisy’s contention that these facts practically in- 
validate the whole of the earlier work is clearly justified, and in any case 
there is no necessity to give more than the above brief account of the 
work performed before that of Allen and Doisy 

The comparatively recent discovery of Long and Evans(n) for 
rats, and Allen ( 2 ) for mice, that the various stages of the oestrous cycle 
could be followed accurately by examination of the changes in the 
vagmal contents, and that these changes m the vagma ceased after 
ovariotomy has provided an easy and accurate method of testmg the 
CBstrus-producmg activity of ovarian extracts, and the vagmal smear 
technique has really made possible the recent development of ovarian 
extraction work 

Allen and Doisy, the first authors to apply the vagmal exammation 
technique to the testmg of extracts, as a result of a prolonged and care 
fully controlled investigation, came to important conclusions which 
may be briefly summarised here 

(a) An CEstrus-produemg extract can be made from liquor folliculi, 
and to a lesser degree, from residual tissue The occurrence of the hor 
mone m the residual tissue is, however, put down by Allen and Doisj 
to the mcomplete removal of liquor foUicuIi 

(b) Mo cEstrus-produemg extract can be made from the corpora 
Intea 

(c) As a result of their work the authors conclude that the oestrus 
produemg hormone is elaborated by the maturing follicle 

Smee the publication of the Allen and Doisy papers, many workers 
have confirmed and amplified their results Courricr(j, O), using 
gumea-pigs ns test animals, worked vith liquor folhculi only, an 
observed cestrous phenomena in oeariotomised gumea-pig^ after in 
jection When mjected during pregnancy, the active principle appeare 
to pass across the placenta and cause hypcrmraia of the uteri of the cm 
feetuses Dickens, Dodds and AVright(8) “were unable to secure 
the large yields from liquor folliculi, and from human placenta, dcscri c 
by these workers (Allen and Doisy) The yields obtained us from 
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liquor folliculi and from the residual ovarian tissue are of the same order 
Our findings, therefore, do not support the contention that the active 
principle is confined to the liquor folliculi ” Their comparison of yields 
from residual ovarian tissue (after removal of folhcles and corpora lutea) 
and hquor foUicuh is, however, based on one extraction only, so it 
must be admitted that the whole tendency of the work relatmg to the 
extraction of an cestrus-producmg substance from the ovary has so far 
been to emphasise the importance of the part played by the Graafian 
folhcles m producmg cestrus 

Recently, however, one of us (ParkesdQ)) has shown, by means of 
destroymg the follicles with X-rays, that a perfectly normal oestrous 
and uterme cycle may occur quite mdependently of the presence of any 
follicles m the ovary Smce the irradiated ovaries contained no cyclic 
structures whatever, and consisted mamly of tissue which appears to 
be hypertrophied germmal epithelium, the experiments reveal the ovary 
m qmte a drSerent light, and the specrfic object of this present paper 
IS to consider the distribution of the hormone between the follicles 
and residual tissue m order to ascertain whether the work on ovarian 
extraction is really as mcompatible as it appears to be with the fact 
that an oestrous cycle occurs m the absence of Graafian follicles 

2 Methods and JIatebials 

Material Cow ovaries have furnished the chief material for the 
work described m this paper Cow ovaries, as compared with pig, have 
the disadvantage of havmg only one or two large folhcles at most, and 
therefore of providmg less hquor folhcuh, but they have the advantage 
of havmg a more compact stroma, and of havmg corpora lutea which 
sre much more easily removed than m the case of the pig Eurther, it 
is rarely possible to obtam pig ovaries with really large folhcles, owmg 
to the fact that pigs m oestrus are seldom kdled m this country Some 
few batches of pig material have, however, been used, and m addition 
one lot of definitely anoestrous sbeep ovaries and one sample of horse 
ovaries have been extracted As samples of immature ovaries three 
samples from young porkers and one sample from young heifers have 
een ohtamed From this material extracts have been made of 

(1) RTiole ovaries, without corpora lutea 

(2) Liquor folhculi 

(3) Young or mature sohd corpora lutea 

(4) Hollow corpora lutea 

(5) Residual tissue 



566 


A S PAREES AND C W BELLERBY 


iitthod of extraction The ovanes were kept m cold storage at - 16° until sent to the 
laboratory and they were thus stdl frozen when received. As the sohdified folhonlar liquid 
could be cleanly “shelled out” without diffioulty, this greatly faoihtated dean dissection 
m oases where eitraotion of separate parts was desired. The ovanes were then slit open 
and any other foUicles and corpora Intea dissected out. The corpora lutea and residual 
tissues were thoroughly washed in two or three changes of water to free them from possible 
contamination with the liquor folhouli. The method of extraction of the matenal was the 
same in all oases, and consisted of a modification of the first process desonbed by Herr 
mann and PrankeL The preliimnary stage of treatment of the hquorfoUiooh was different 
and will be discussed later 

After bemg weighed, the tissue was finely mmced, mixed with twice its weight of 
alcohol and allowed to stand for about 24 hours The aloohoho solution was then decanted 
off, and the tissue pressed out and freed from any hquid. This matenal was then extracted 
for 6—9 hours under a reflux condenser, twice its wet weight of alcohol bemg agam used. 
The alcohohe extracts were then combined, filtered through flannel and evaporated to 
a small volume in vacuo until free from aloohoL The thick suspension was shaken up 
with about twice its volume of ether The emulsion whioh formed separated mto two lajars 
on standmg for about 1 hour The aqueous layer was drawn off, and shaken up with a fresh 


quantity of ether It was found by experience that two extraobona were as a rule quite 
sufficient. The ethereal solutions were oombmed, and evaporated to a small volume 
Acetone was then added, and the precipitate of lipoids was filtered off through a hard filter 
paper The clear yellow filtrate was then evaporated to dryness, and the oily brown rcsidns 
rubbed op with a small quantity of absolute alcohol, the clear liquid decanted off, filtered, 
and then placed m the cold store for 24 hours. The clear solution was agam filtered off from 
the precipitate of fats and cholesterol and evaporated to dryness No attempt at further 
pnnfioation was made of this residue. As was mentioned above, the prchminaiy trestmeot 
of the liquor foUiouh vaned from this procedure Two volumes of cold alcohol were added 
to one volume of the hquor and the thick white mixture was then boiled under a reflux 
condenser for about 1 hour This treatment caused flocculation of the proteins, which could 
then be easily filtered off by means of flannel The sohd matenal was re extracted with 
the same volume of boilmg alcohol for 0-9 hours, the alcoholic filtrates combmed and 


taken through the process as detailed above This process was found to bo ncccssarj, as 
we have found that even after precipitation of the hquor folhouli with hot alcohol the 
finely divided precipitate that formed not only took some days to settle, but was al^ 
practically unfilterable We found also that the precipitate after setthng apparently cam 


down most of the active substanoe with it. 


As a control 3 lalos of Jean beef were worked up by the above process 
No positive results were obtained 

Testing The oily residue obtained at the end of the process dcscri e 
above was emulsified m 1 pc Na 2 C 03 , a suitable concentration for 
mjection being about 1 grm m 50 c c Ovariotomised mice were us 
as test animals, and m this connection two points of interest were 
observed In the first place DavenportfT) has shown that a consider- 
able percentage of ovariotomised mice may regenerate o^nrIan tissue 
withm a comparatively short time of the operation, and his resu ts n\e 
been amply confirmed on our own material Thus the possibility is a wnv^ 
present that an apparently positive result may be due to regenera e 
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ovaiy This does not seem to have been appreciated by previous vorkers 
To overcome this factor as far as possible, routme testmg animals were 
only used for a short time after ovariotomy, and an mterval of greater 
length than the normal oestrous cycle was allowed between successive 
tests This latter precaution m more than one case revealed spontaneous 
oestrous activity on the part of the ovanotomised animal The per- 
centage of regeneration was, however, kept below that found by 
Davenport by removmg the whole ovarian region, mcludmg capsule 
and fat body, at the time of operation In the second place we have 
confirmed the fact observed by Dickens, Dodds and Wright that 
the amount of active extract required to produce oestrous phenomena 
mcreases with mcreasmg mterval after ovariotomy To secure com- 
parable results this agam means that animals should not be used for 
any great time after ovariotomy 

Vagmal smears were taken from the test animals at mtervals of 
24 hours durmg the whole time they were being used, and to test an 
extract two mjections of the hra2C03 emulsion were given at an mterval 
of 12-18 hours Where the extract was active, pro-oestrous changes m 
the vagmal smear (for account of these, see Allenp) and Parkes(l 9 )), 
occurred withm 24 hours of the last mjection The ease and completeness 
with which the mjections were absorbed seemed to depend primarily 
on the amount of cholesterol present, excessive amounts leading, as noted 
by Dodds, to granulations To arrive at the minimum active dose of 
any given extract a trial mjection was first given This amount was then 
increased or decreased accordmg to whether it was mactive or active 
until the least amount necessary to produce oestrous symptoms was 
nrnved at From this the total number of “mouse units” (ii ti ) m the 
extract was calculated, and the activity of the origmal tissue or flmd 
Was calculated m mouse units per kilogtam (ii u K ) In addition, the 
activity of the crude yield is calculated as mouse units per grm (mug), 

and the amount of crude yield as grams per kilogram of ongmal tissue 
(gk ) 

3 Extracts 

Whole Ovanes The data to be considered here relate to one batch 
0 mature pig ovaries and one batch of mature cow ovaries, both con- 
ammg folhcles m all stages of development but no corpora lutea , 

ee batches of unmature pig ovanes, two batches of immature cow 
ovan^ and one batch of anoestrous sheep ovanes, all of which con- 
amed o^y very smaU folhcles (1-3 mm ) The foUowmg table sum- 
matises this material 
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Table I Yields from whole ovanes 
Amount Yield 


Matenal 

(gnn ) 

(gnu ) 

O K 

M V 

MU a 

M.V K 

Notes 

Mature pig 

1140 

3 17 

2 82 

250 

78 9 

219 

— 

Mature cow 

1980 

3 76 

189 

680 

164 6 

293 


Immature cow 

110 

16 

6 31 

8 

63 3 

73 

— 

Immature cow 

180 

85 

4 72 

63 

74 2 

360 

— 

Immature pig 

30 

08 

6 26 

6 

02 5 

100 

Onl> 10 pairs 
of ovanes 

Immature pig 

280 

1 06 

6 90 

62 

37 6 

222 

— 

Immature pig 

400 

2 27 

4 81 

125 

60 8 

273 

— ' 

Ancestrous sheep 

270 

1 34 

484 

66 

41 1 

203 

— ■ 


Liquor folhculi Extracts of liquor foUicuh from 11 difierent samples 
of ovanes are available for discussion Of these ovaries three batches 
are from pigs, one lot from horses, and seven from covrs In very few 
cases were follicles of any size obtained from the pig and the cow material 
probably provided a greater percentage of ovaries approachmg mstrus 
than did the pig The horse ovaries, taken from animals sent to slaughter 
were m all probability m the anoestrous stage The following table 
summarises the liquor folliculi extractions 


Matenal 

Cow 


Amount 

(oc) 

105 

666 

050 

620 

86 

320 

266 

163 

300 

280 

160 


Table IL Yields from liquor foUiculi 


Residual tissue Nine estimations of the activity of ^ , 

after the removal of the follicles and corpora lutea ate 
Of these eight relate to residues of batches of ovaries o 
liquor foUicuh and the remammg one to residue from oiar 
for obtammg corpora lutea The residual tissue extractions 

marised in Table III i.itca 

Cor-pora lutea Although II batches of 
have so far been extracted by the same metho 
extract has so far been produced It has, howe\ er, 
possible to extract the oestrus-producing extract fr y ^ 
Tontammg corpora lutea of the cow This work is being pub 



OTAEIAN HORMOKES 


569 


Table HL Yields from residual tissue 


Mateml 

Amount 

Yield 

0 K. 

ALV 

Acr G 

ACr K. 

Xotcs 

Cot 

1030 

415 

4 01 

245 

59 0 

23S 

— 


390 

1 20 

3 08 

124 

103 3 

32b 

— ■ 


490 

2 23 

4 51 

167 

74 9 

341 

— 


360 

92 

2 55 

63 

6S5 

175 

— 


410 

1 12 

271 

125 

111 6 

310 

— 

Horse 

1140 

2 27 

1 99 

31 

13 0 

27 

— ‘ 


260 

2-07 

7 9S 

59 

2S5 

227 

— * 


140 

127 

909 

121 

95 3 

865 

— 

Cow- 

560 

165 

2 95 

S4 

509 

150 

Corpora lutea 
tahen from all 
ovanes 

Total 

47S0 

16 S3 

3 oJ 

1019 

60-5 

213 

— 


separately, but it mav be pointed out here tbat since in most cases 
boUoy corpora lutea cannot be distmguisbed from others except by 
Cutting tbem, tbe contamination of tbe mature corpora lutea vntb the 
young bodies may have given nse to the positive results reported for 
corpora lutea m general bv various authors 


4 Discrssiox 

Analysis of the results given above shows that our general results 
are in agreement with those of Allen and Doisy, and of Dodds as 
regards the order of amounts of the oestrus-producing extract obtamable 
from, ovaries, but it is significant that m common with D odds we have 
faded to obtam the large yields from Uquor foUicuh which are reported by 
Allen and Doisy In order to check the completeness of our extractions 
the extracted residues and the discarded fractions from all the experi- 
ments were preserved All this material, mcludmg aqueous suspensions 
and hpoid precipitates, corresponding to some 10 kg of fresh ovary, 
has been re-extracted, and the total yield from this source has been 
negligible This shows that our extractions have been practically as 
complete as possible by present methods 

The mam pomts brought out by our data are discussed below 
Tieid of crude extract Tbe followmg table summarises tbe results 
ns regards the yield of crude extract per kilogram of original material 


Ta3li: IV Yields of crude extract 


Material 

Mature whole ovanes 
Inuaatuie whole orane$ 
liquor folhcuh 

Kesidnal tissue 


Amount 

Crude extract 

Yield per kg 

(grm.) 

(grm-) 

(grm.) 

3 120 

6 92 

2 22 

1 330 

634 

4 76 

33S3 

3-05 

0-9 

4 780 

16-SS 

35 

12 613 

33 19 

26 


Total 
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Tlie follicle fluid, therefore, gives the lowest yield of crude extract, 
but as pointed out below, this extract is purer than the others The 
residual tissue and immature ovaries give the highest crude yield, and 
the whole mature ovaries, contammg large folhcles and tissue naturnlly 
give a yield midway between that of residual tissue and follicles The 
largest yields obtamed were ones of 8 0 and 9 I grm per kg from pig 
residual tissue 

Mouse uniis per hilogram (m u k ) The two yields for mature whole 
Ovanes were 219 m u k and 293 M u k , while liquor foUwuh yields 
ranged between 23 and 788 The latter variation, though great, is quite 
comparable with the yields found by Dodds, Dickens and Wright 
The residual yields ranged from 27 to 865 m u k , the whole of the residual 
tissue extracted averagmg 213 m tj k 

Calculatmg ovaries as a whole, by far the lowest M u K was obtamed 
from the horse The total horse material used was 1290 grm , and only 
4i M V were obtamed from this, giving a m v k of 36 This low yield is 
probably accounted for by the fact that the ovaries m question were 
obtamed from horses out of the breedmg season 

Specific variation m active yield The following table compares the 
M T7 K obtamed from the total pig material and the total cow material, 
includmg mature ovaries only 


Tabue V Companaon of yields from cow and pig ovancs 




Follicles 


Residual tissue 

« 1 - -1 


JIatcnal 

Cow 

Pig 

Total 

amount 

21300 

733 

M V 

371 

34 

» 

M TTK 

148 

47 

Total 

amount 

3240 

400 

SI 17 

808 

180 

M r K 

249 

4C0 

Total 

SI P K 

205 

103 


The obvious conclusion from this table is that m the total amounts 
of residue and liquor folliculi extracted there appears to be but little 
difference between the cow and the pig material It is, howei er, remark- 
able that the pig liquor compares so poorly with that from the cow, 
whereas the pig residue is almost double the cow residue The significance 
of this, if any, is not clear 

Comparison between activity of liquor folliculi and residual tissue 
Eight comparisons of the m u K of liquor folliculi with the conespondmg 
residual tissue of the same ovaries are available 

As regards the m u per kilo of original tissue Tabic VI shows t a 
m five out of the eight cases the residual tissue has the greater 
the follicle being most active in three 011I3 of the series On t te o a 



OVARIAN HORMONES 


571 


Tabu; YL Comparison tetweon bqnor and readnal tissue 




iLTT G 

-- A 


iLtr K. 

A 

Jlafensl 

laq fol 

1 

Correspondmg 

residue 

/ 

Liq fol 

S 

Correspondmg 

residue 

Horse 

106 2 

13 6 

113 

27 


70-0 

28 6 

23 

227 

tt 

668 

95 3 

75 

865 

Cow 

122 5 

59 0 

82 

238 

n 

824 

103 3 

98 

326 

3» 

352 7 

74 9 

788 

341 

>1 

106-5 

68 6 

103 

176 

it 

382 9 

111 6 

520 

310 

Total 

160 6 

61 4 

152 

207 


fignies for tte wliole senes, tlie activity of the residual tissue is some 
50 p c higher than that of the hquor foUicnli As regards the M tr per 
gram of extract the foUicle material has a greater activity m six out 
of the eight cases and on the total figures the activity is two and a half 
times as great as that of the residual tissue This means either that the 
crude extract from liquor contams less mactive matter or else that the 
ffiacUve matter m foUicular extract is easier to remove by fteezmg 
me^ods than is the mactive matter m residual tissue extracts 

From the above table, taken m conjunction vath Tables II and III, 
a c^ous correlation is obtamed For the eight batches of ovanes dealt 
rci m Table V, batches which were separated mto hquor folhcuh 
an residual tssue, it is clearly possible to obtam a rough guide to the 
average stage of development of the folhcle, that is to say, their average 
Ke, y considermg the amount of hquor obtamed relative to the amount 
resi ual tissue of the same batch, i e by considermg the ratio weight 
« raidual tissue/vol of folhcle fluid At the same time it is possible to 

liono!/if activity of the residual tissue and 

fimd/ir considermg the ratio M u k of folhcle 

of residual tissue The values for these ratios are given 

Tabu; VTL Relative activity oI residual tassue and hquor lolhcuh mdices 
and size o£ folhcle indices. 


Material 

Horse 

Core 


P>g 

Cow 

% 


Amount ot tissue 



Residual 

Folhcle 

M.UK. 

(gnn.) 

1140 

490 

410 

1030 

360 

260 

390 

140 

(cc ) 

ISO 

85 

265 

650 

320 

300 

620 

280 

Folhcle 

113 

788 

526 

92 

103 

23 

98 

75 

Residual 

27 

341 

310 

238 

176 

227 

326 

865 


Wt. residual/ 
VoL folhcle 
7 6 
58 
1 6 
1 6 
1 1 
87 
76 
50 


snu K, folhcle/ 
M tr K. residual 
42 
23 
1 7 
39 
59 
11 
30 
OS 
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The follicle fluid, therefore, gives the lowest yield of crude extract, 
but as pointed out below, this extract is purer than the others The 
residual tissue and immature ovaries give the highest crude yield, and 
the whole mature ovaries, contammg large folhcles and tissue naturally 
give a yield midway between that of residual tissue and follicles The 
largest yields obtamed were ones of 8 0 and 9 1 grm per hg from pig 
residual tissue 

Mouse units per kilogram (m u K ) The two yields for mature whole 
ovaries were 219 mvk and 293 u u K , while liquor follicuh yields 
ranged between 23 and 788 The latter variation, though great, is quite 
comparable with the yields found by Dodds, Dickens and Wright 
The residual yields ranged from 27 to 865 si u k , the whole of the residual 
tissue extracted averagmg 213 ii n E 

Calculatmg ovaries as a whole, by far the lowest si u K was obtamed 
from the horse The total horse material used was 1290 grm , and only 
44 SI rr were obtamed from this, giving a si u K of 36 This low yield is 
probably accounted for by the fact that the ovaries in question were 
obtamed from horses out of the breedmg season 

Specific vanaiion in active yield The followmg table compares the 
SI Tj K obtained from the total pig material and the total cow material, 
mcludmg mature ovaries only 


Table V Ckimpanson of yields from cow and pig ovones. 




Follicles 

A 


Residual tissue 

- -- — 


Matcnal 

Cow 

Re 

Total 

amoant 

2600 

733 

It V 

371 

U 

V 

M U K, 

148 

47 

Total 

amount 

3240 

400 

SI u 

808 

180 

M 0 K 

249 

450 

Total 

nvn. 

205 

103 


The obvious conclusion from this table is that m the total amounts 
of residue and hquor follicuh extracted there appears to be but little 
difierence between the cow and the pig material It is, however, remark 
able that the pig liquor compares so poorly with that from the cow, 
whereas the pig residue is almost double the cow residue The significance 
of this, if any, is not clear 

Comparison between activity of liquor follicuh and residual tissue 
Eight comparisons of the ai u k of liquor follicuh with the correspon mg 
residual tissue of the same ovaries are available 

As regards the w u per kilo of original tissue Tabic Yl shows a 
m five out of the eight cases the residual tissue has the greater nctu ■ J . 
the follicle being most active m three only of the senes On t o on 
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Table VL Companson \>etween liquor uud rcsidual tissue 


jLU G sr E K 

JL — * 



/ 

' ^ 

Corresponding 


Conespondmg 

Matenal 

Liq fol 

residue 

Liq fol 

residue 

Horee 

106-2 

13 0 

113 

27 


70-0 

28 5 

23 



608 

05 3 

75 

865 

Cow 

1225 

69 0 

92 

238 


824 

103 3 

98 

326 


362 7 

74 0 

788 

341 


106-5 

68 5 

103 

176 

>1 

382 9 

111 6 

526 

310 

Total 

160-6 

614 

162 

207 


figures foi the vrhole senes, the activity of the residual tissue is some 
50 p c higher than that of the liquor foliiculi As regards the M ti per 
gram of extract the follicle matenal has a greater activity m six out 
of the eight cases and on the total figures the activity is two and a half 
times as great as that of the residual tissue This means either that the 
crude extract from hquor contains less inactive matter or else that the 
inactive matter m folhcular extract is easier to remove by freezmg 
methods than is the mactive matter m residual tissue extracts 

JVom the above table, taken m conjunction with Tables 11 and III, 
a cnnons correlation is obtamed For the eight batches of ovaries dealt 
with m Table V, batches which were separated mto hquor folhculi 
and residual tissue, it is clearly possible to obtam a rough gmde to the 
average stage of development of the folhcle, that is to say, their average 
size, by considering the amount of hquor obtamed relative to the amount 
of residual tissue of the same batch, x c by considermg the ratio weight 
of residual tissue/vol of folhcle fluid At the same time it is possible to 
fed the relative weight-for-weight activity of the residual tissue and 
quor folhcuh of each batch by considermg the ratio M u K of folhcle 
nid/MUK of residual tissue The values for these ratios are given 


Table VIL Relative actmty of residoal tissue and hquor loUicuh indices 
and size of follicle indices. 


Jiatenal 

Horae 


t} 





Amount of tissue 

r~ , 

Residual Folhcle 

(gmi,) (C.C.) 

1140 150 

490 85 

410 255 

1030 050 

360 320 

260 300 

390 520 

140 280 


JtVK. 


Folhcle 

-A 

\ 

Residual 

Wt. residual/ 
VoL follicle 

JLu K. foUicle/ 
M-xr K, residud 

113 

27 

7 6 

42 

788 

341 

5 8 

23 

526 

310 

1 6 

17 

92 

238 

1 6 

39 

103 

175 

1 1 

59 

23 

227 

87 

11 

98 

326 

75 

30 

75 

805 

50 

OS 
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above m Table VII, in wbich the batches are arranged m descending 
order of magnitude of weight of residual tissue/vol of liquor folliculi 
The two sets of mdices are shown m the followmg diagram 



So far as this material goes, it would certamly appear, 
the smaUer the bulk of the follicle compared with that of the re 
tissue, z e the more immature the follicles, the greater '' ^ 

oestrus-producing activity they exhibit compare nfoftlic 

P„t anoLr way' rt a..y be sa.d that the gte.te, the ^ 

follicles, the relatively more active the residual tissue T t 
mg of this IS obscure, but it is all agamst the mcv that t 

IS elaborated by the maturmg follicle rouncction 

In an attempt to press further the absence of necc } 

between the cestrus hormone and maturing ° „,afcrnl 

samples of immature ovaries and one sample of anm J ,,e,„g 

obtained The immature ovaries were carefull} selec 


were 
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definitely pre-puberty organs, and contamed only very small follicles 
Smce sheep only appear on oestrus during July — Sept , ovaries obtamed, 
asm this case, during tbe late autunin, are definitely from tbe anoestrous 
period Neither large follicles nor corpora lutea were present m any 
of those used The pelds obtamed from these various ovaries without 
mature or even semi-mature folbcles are shown m Table I The two 
samples of unmature cow ovaries gave yields of 73 m r K and 350 m n K , 
while the three samples of immature pig ovaries yielded 166, 222 and 
2(3 II The anoestrous sheep ovaries gave a yield of 203 m n K None 
of these yields is strikingly low, and the general order of yield is quite 
comparable with those found for adult ovaries 

In addition to these data one extraction was made from residual 
tissue of a batch of ovaries specially selected for contammg large corpora 
lutea None of these ovaries contamed follicles of appreciable size, but 
the yield, shown m the bottom Ime but one of Table III, from the 
residual tissue, was 150 m u k 


iSi^e of origin of the (Bstrus''producing hormone The significance of 
this observed distribution hes m its bearmg upon the question of the 
site of origin of the oestrus hormone The whole tendency of previous 
extraction work has been to emphasise the importance of the foUicle m 
govermng oestrus, Allen and Doisy go so far as to claim that the 
hormone is elaborated by the follicle itself, but the results described here 
show that if the possibihty of extractmg the substance from a certam 
part of the ovary is to be considered evidence that it is produced there, 
then the stroma tissue of the ovary has at least as good a claim to be 
Considered the site of origm as have the follicles Evidence drawn from 
extraction lalues cannot therefore be considered to be of any assistance 
'u detenninmg the site of ongm of the cestrus-producmg hormone and 
es a result of the X-ray work mentioned above (Parkes(i 9 )), it is 
possible to say qmte defimtely that under certam conditions at least, 
Ovanes consisting entirely of extra-folhcular tissue can produce a per- 
ectly normal cestrous cycle 

In new of this conclusion, we suggest that “foUicubn,” the only 
^01 which so far appears to have been given to the cestrus-producmg 
^ cip e, IS quite misleadmg, and we suggest that “oestrm” or some 
an^ 1 Immediately its physiological significance, should be 

cestrus-producmg prmciple of the ovary 


e regulation of the cestrous cyde The results recorded above, taken 
onjnnction with the facts reported by other workers, make it clear 
OEstrm can be produced from ovaries duxmg any state of the 
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cestrous cycle, whether the ovaries contain large or small follicles, cor- 
pora lutea of ovulation or even corpora lutea of pregnancy How then 
IS nymphomania avoided, and how is the periodic occurrence of oestrus 
regulated^ The alternation of oestrus and growmg corpus luteum in the 
normal cestrous cycle suggests that the corpora lutea have an inhibitory 
efiect and that oestrus is allowed to appear by the cessation of the 
corpora lutea function, but, though persistent corpora lutea undoubt- 
edly have an inhibitory action, such an explanation does not cover the 
whole of the phenomena to be explamed In the case of most of the 
irradiated ovaries (Parkes(i9)), for mstance, no luteal tissue was 
present, but the normal cychc phenomena m the accessory organs were 
still observed The most probable explanation is that some “threshold” 
concentration of the hormone has to be obtamed before cestrous changes 
can be produced, and that the presence of persistent corpora lutea delays 
the attamment of this threshold Such a hypothesis is, however, purely 
speculative at the moment, and much more work will be needed before 
the actual means of the regulation of the cestrous cycle can be ascer- 
tamed 

6 SUMMARV 

(1) CEstrus-producmg extracts of ovaries have been obtamed of 
about the same order of activity as recorded by Allen and Doisy, 
and by Dodds, Dickens and Wright 

(2) The methods used, a modification of the first process described by 
Herrmann and Frankel, gave yields of crude extract varying between 
0 9 and 4 76 grm per kilo, the lower figure bemg for hquor foUiculi 

(3) The mouse units (minimum amount to produce oestrus m 
ovariotomised mouse) obtamed per kilogram of origmal tissue varied 
enormously, but averaged between 200 and 300 

(4) Out of eight cases, the residual tissue had a greater activity than 
the correspondmg hquor foUicuh m five, while m the remammg three 
cases the liquor foUicuh had the greater weight for weight actnnty 

(5) From this material there appears to be some correlation between 
the size of the follicles, and the relative activity of liquor folhcah and 
residual tissue 

The expenses involved by this work were defrayed from n grant made to one of us 
(A S P ) by the Dixon fund. 
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THE INFLUENCE OF THE VAGUS ON THE ISLETS 

^-^NGERHANS Part II The effect of cutting the 

vagus upon sugar tolerance By G A CLARK 

{From the Physiological Laboratory, Sheffield V ntversity ) 

In Part I of tins paper (i) experimental evidence was given, wliicli sup- 
ported the view of de Corral(2) and of Macleod and his co-worker8(3), 
that the right vagus contams secretory fibres to the islets of Lnngerlians 
Britton (4) has recently confirmed the earlier observations, using 
methods which eliminate sources of error that were possible in the ex- 
periments of de Corral and Macleod The significance of these 
secretory fibres, however, remams obscure 

Smce, for many months after section of the right vagus in the neck, 
rabbits appear perfectly healthy, gam m weight and show no obiious 
change m blood-sugar level, it is clear that the essential function of the 
islets m the metabolism of sugar is carried on m spite of the nerves hanng 
been cut The production of insulm must contmue, and the islets them 
selves apparently respond to variations m the composition of the blood 
with suitably varymg activity, this local adjustment being sufficient at 
any rate for the needs of animals leadmg a placid life in confinement 
In other circumstances the rich nerve supply which de Castrot*), 
Gentes(6) and Pensa(7) have traced from the right vagus to the islets 
may intervene IVhen, for mstance, a relatively large amount of glucose 
IS rapidly mtroduced into the circulation, it seems possible that a 
reaction might be set up somewhere that leads to such interxeution 
The methods employed and precautions adopted in the present 
investigation are similar to those prexnously described (i) ^^^lcn the i agus 
was cut m the neck, the section nas always made below the origin of tlie 
cardiac branches, and a piece of the nerve reinox ed to prevent regenera 
tion, which might otherwise haxc occurred in those experiments of long 
duration If secretory nerxes to the islets play a part in the normal 
secretion of msulm, a decreased sugar tolerance would be expected after 
section of those nerxTs, for it is cxident that an increased supph o 
msulm IS necessary to deal v ith the hyperglycmniia resulting from t 
mtraxenous mjection of glucose Tests, m which 1 gnu of pure gluco'c 
per kilo of body weight was mjccted intravenoush in 10 pc so ution 
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mto rabbits, gave no indication of decreased tolerance following right 
vagotomy withm a period of about two months On the contrary, m a 
fewcases an increase m tolerance was suggested, and m order to mvestigate 
this, a more severe test was imposed The animal was given four mtra- 
venous mjections of 1 grm of glucose per kilo at two-hourly mtervals 
and the blood-sugar estimated every half-hour after the last mjection 
In the normal rabbit thus treated the blood-sugar does not return to 
the fasting level for 3 hours or more (Table I and Fig 1), but about 14 
days after section of the right vagus the fastmg level is reached withm 
1 or U hours (Table I and Fig 3) In Table I the mitial blood-sugar 
levels m all cases before vagotomy appear high, because, at the time of 
observation, thehyperglycffimia due to the thud m]ection had not passed 
ofi after vagotomy, the normal fastmg level had already been reached 
■'Then the fourth mjection was given, two hours after the third The fastmg 
^ogar level is given m a separate column No tolerance test was done 
fisrher than 10 days after operation 
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Rabbit 

0 

i 

1 

H 

2 


3 

Fastmg 
31 B. s 

1 

j VBgotomv 

140 

102 

244 

195 

1S3 

122 

144 

112 

138 

102 

133 

113 

131 

: ! 

105 

2 

) Before _ 

130 

224 

202 

176 

165 

145 

137 

130 ) 

113 
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121 
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120 

108 
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— 
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3 
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130 
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261 

210 
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150 

130 
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120 

230 

130 

123 
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— 

- 1 

4 

J Before 
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221 

181 

160 
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229 

100 
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184 
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A stnking condition of increased tolerance is thus fonnd in every one 
of the five rabbits on which the test was successfully carried out The 
comparison of the average values at the different tunes before and after 
vagotomy shows this clearly The result m each case conforms to these 
averages 

This condition, however, was found to pass gradually off, and after 
about two months the hyperglycsemia following a smgle mjection of 
glucose (1 grm per kilo) began to last longer than is the case m normal 
animals, that is to say, the mcreased tolerance regularly found during 
the fiist weeks after vagotomy is succeeded by dunmished tolerance This 
IS still, m the four rabbits that have been studied longest, evident after 
21, 25, 33 and 55 weeks respectively, this second phase of the changes 
mduced by vagotomy, a condition of dunmished tolerance, seems, 
therefore, to be permanent 

Table II gives the response of one of these rabbits to 1 grm of glucose 
per kdo at different mtervals after operation and the figures are typical 
of those found m the other cases It will be noticed that there is a ten- 
dency for the fastmg sugar level to rise to a maximum at about the fourth 
month after vagotomy, thereafter retummg to a lower level In the last 
two tests given it will be seen that the return of the curve to the normal 
level IS mterrupted by a secondary rise, this was also seen m the other 


cases 


Table n 


Hours after glucose 

0 


1 

Before vagotomy 

116 

212 

130 

120 

246 

132 

After „ 




6 weeks 

1 16 

208 

116 

11 „ 

123 

240 

169 

10 „ 

120 

262 

160 

20 „ 

121 

236 

177 

31 „ 

114 

262 

145 

41 „ 

106 

232 

145 

65 „ 

105 

213 

130 


n 

2 

2i 

3 

100 

100 

118 

— 

106 

116 

120 

— 

103 

120 

no 

— 

130 

130 

124 

— 

138 

135 

130 

— 

135 

122 

124 

— 

140 

130 

115 

— 

160 

127 

117 

— 

137 

140 

135 

115 


These two stages in the tolerance changes are, therefore, definite an 
distmct It is evident that section of secretory nerves to the islets o 
Langerhans will not explam the first of them, the increased tolerance 
durmg the first weeks after the operation the section must interfere 
with other influences affecting the sugar m the blood 

Some of the ways in which the phenomenon might be accounte or 

ha\e been exammed , 

1 As the recurrent laryngeal fibres vere in all casts seicrc ^ 
%afnis trunk, it was necessary to elinimate any possible effect o 
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section on the thyroid gland bearing on the result In three rabbits, 
therefore, the right recurrent laryngeal nerve alone was cut after the 
normal response to a fourth glucose injection had been determined as 
described above Two weeks later the response to the test was unaltered 
(Table III and Fig 2), but two weeks after subsequent division of the 
nght vagus trunk two animals showed the typical mcreased tolerance 


(Table IH and Fig 3) Rabbit 9 died under the anmsthetic durmg section 
■of the vagus 

Table HL ' 


Babtit Hours after last injection 0 

( Xormal 130 

3 •! Sect It tec, larvng n. 1-12 

V „ vagus 120 

f Xonnal 13S 

■t ■' Sect. rt. xec larvng n, 130 

( „ vagus 113 

9 1 Itornial 130 

( Sect rt. rec laryng n. 13G 


1 

1 

11 

o 

24 

3 

30S 

261 

210 

177 

150 

136 

243 

173 

160 

152 

142 

133 

230 

130 

123 

124 

120 

— 

221 

ISl 

160 

152 

148 

134 

250 

16S 

163 

150 

135 

125 

229 

100 

121 

104 

113 

116 

225 

162 

152 

144 

140 

132 

234 

190 

154 

166 

173 

162 


2 The mcreased tolerance followmg section of the right vagus might 
1)6 due to a dunmution of the normal rate at which sugar leaves the hver , 
this hypothesis mvolvmg m turn the supposition that m the right vagus 
are contained, either fibres to the hver that directly stimulato the break- 
down of glycogen mto sugar, or, alternatively, fibres to the suprarenal 
irhich by mcreasmg the discharge of adrenalme would produce the same 
eSect mduectly It seemed that it might be possible to test this con- 
jecture by the reaction to msulm If cuttmg the right vagus arrests the 
normal dehvery of sugar mto the blood-stream by the hver, the faU m 
ood sugar, brought about m the reaction to msulm mjected after this 
operation, nught be more rapid than m the normal animal Two expen- 
nients were, therefore, done m which the blood-sugar was estimated 
every half-hour after 1 c c msulm (b iTh ), diluted 1 m 10, was given 
^travenously before, and about 14 days after section of the right vagus 
nfil be seen from Table IV that m neither case was a greater degree of 


Table TV 


Rattit 10 


-fatljitll 


Honrs after insnlm 

0 

i 

i 

i 

1 

14 

2 

21 

^Connal | 

lOS 

— 

081 

— 

073 

082 

090 

100 

104 

— 

OSl 

— 

070 

076 

090 

101 

After vagotomy | 

105 


083 

— 

095 

098 

101 

‘103 

106 

093 

082 

• 

092 

099 

102 

103 

Normal ! 

i 093 

— 

066 

— 

058 

067 

080 

090 

1 

[ 093 

— 

062 

— 

059 

070 

0S2 

091 

After vagotomy | 

, 095 

— 

061 

— 

060 

074 

OSO 

090 

1 095 


064 

-062 

064 

077 

090 — 

38—2 
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observed after vagotomy All the tests were made imder 
identical conditions, and each was repeated at an mterval of 2 or 3 days 
3 Or, thirdly, smce it appears that m some conditions, the placid 
life of a hutch rabbit for instance, no gross disturbance of the regulation 
of the sugar content of the blood is to be detected, after cuttmg the right 
vagus, and the islets must, therefore, be still functionmg and acted on by 
variations m the composition of the blood, it is not impossible that as 
the acmi of the pancreas are stimulated to secretion by something brought 
to them m the blood, and, nevertheless, receive a supply from the vagus 
of augmentor and also inhibitory nerves, so, too, the islets may receive 
mhibitory as well as augmentor fibres from the vagus If this were so, 
the fact that departures from the normal level of blood-sugar are almost 
always, if not always, m the direction of hyperglycsemia would mdicate 
that mhibition of the islets was the rule and augmentation the evception 
Cuttmg the vagus m that case might mcrease the reaction of the islets 
to a sudden rise of blood-sugar, and m this way the increased tolerance 
durmg the first weeks after the operation might receive an explanation 
A test of this hypothesis was planned as follows smce excess of sugar 
m the blood is more quickly removed after section of the right vagus, it 
might be expected that the hyperglycaemia, resulting from injection of 
adrenabne, would m that case also be of shorter duration Two experi- 
ments were, therefore, done m which 6 c c adrenalme (P D and Co ) 
diluted 1 m 4 was mjected subcutaneously before, and 2 weeks after 
cuttmg the right vagus, and the blood-sugar estimated every half-hour 
for 6 hours It will be seen from Table V that the average hyperglycmmia 
IS essentially the same in the two conditions At first sight this may 
appear to oppose the theory of tonic inhibitory fibres to the islets, for, 
after section of the vagus, the readier supply of msulin vould be expected 
to combat more efficiently the hyperglycsemia followmg adrenaline It 
IS obvious, however, that the secretion of msulm depends on an adequate 
blood-supply to the islets, and there is no evidence that adrenaline has 
not the same constrictor action on the vessels of the pancreas that it as 
elsewhere The greater secretion of insulm, therefore, that is otherwise 
available after, right vagotomy may be held in check by diminution o 


Rabbit 

Honrs after adrenaline 

0 

i 

Table V 

1 li 

2 

12 

1 Before vagotomy 
} After „ 

100 

162 

198 

237 

226 

114 

170 

229 

234 

230 

13 

1 Before ,, 

116 

186 

239 

291 

306 

( After , 

114 

186 

258 

301 

310 


21 

217 

231 

300 

323 


3 

3J 

4 

41 

209 

188 

135 

114 

230 

196 

163 

J OO 

295 

280 

236 

IDS 

335 

300 

233 

166 


IOj 

103 

101 

13.’ 


Av 

incrfi*'' 

OTS 

073 

I3( 

HO 
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the blood supply to the islets due to the action of adrenaline on the 
vessels 

Incidentally it may be noted that the results given above do not sup- 
port the vierv of Snyder, "Wells and Culley(8) that the vagus contams 
fibres which exert an inhibitory influence on glycogenolysis, for, if their 
suggestion is correct, an mcreased hyperglyccennc response to adrenaline 
would he expected after section of the vagus 

The presence m the right vagus of both inhibitory and secretorv fibres 
to the islets of Langerhans would ofler an explanation of the failure of 
earher workersp.S) to produce consistently a hirpoglywemia on stimu- 
lating this nerve Brittonct) was able m every case to cause a lowermg 
of blood-sugar by electrical stimulation, but observes that “m a few ex- 
periments a brief latent penod with sbght or no declme m the blood- 
sugar level foUowmg stimulation was sometimes observed ” Moreover, 
in his experunents, the mitial sugar level was abnormally high, and it is 
to be expected, therefore, that any agency tendmg to reduce this level 
to normal (i e stimulation of secretory fibres) would predommate over 
one which might raise it still further (t e stimulation of inhibitor fibres) 
That the two sets of fibres are not equally stimulated by drugs is suggested 
by a comparison of the action of piiocarpme and of guanidine, both of 
^hich produce a fall m blood-sugar by vagal stimulation if ergotamine 
has been previously given to paralyse the sympathetic (i) If degree of 
sahvation be taken as an mdex of parasympathetic stimiilation, it 
has repeatedly been observed that 1 mg per kilo of piiocarpme will 
produce profuse sahvation but a moderate faU. m blood-sugar, while 
1 grm per kilo guamdme hydrochloride causes little or moderate 
sahvation but a considerable fall m blood-sugar These facts suggest 
t at piiocarpme may stimulate both sets of fibres It has previously been 
8 own (9) that atropme will paralyse the secretory fibres to the islets, 
and the results given m Table VI suggest that this drug also paralyses 
e i^bitory The figures given mdicate the response of two animals 
o the last of four glucose mjections given at two-hourly mtervals, m 
one case each mjection bemg preceded by 25 mg atropme sulphate 
^ venously It wdl be seen that where atropme has been given the 


Kabbit 

U 

15 


Table VI 


Hours after fourth 



> X 





Fasting 
B 3 

injection 

0 

\ 

1 

11 

2 

21 

3 

1 ^^thout atropine 

120 

104 

227 

2U 

155 

147 

134 

102 

127 

100 

122 

100 

1161 
101 ( 

125 j 

105 

J Without 

Iwith 

127 

103 

242 

233 

166 

149 

163 

100 

146 

102 

131 

100 

103 
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rabbit sbows increased sugar tolerance The experiments indicate that 
normally the inhibitor fibres play a more important part than the 
secretory 

Experiments are being carried out on other Imes from which a 
decision may be obtamed 

For the second and later result of section of the vagus when the 
quickened recovery from hyperglycaemia gives place to one that is unduly 
delayed, some other factor must be responsible Observations that pomt 
to the influence of the pituitary being here concerned will form the subject 
of another paper 

Summary 

1 After vagotomy the sugar tolerance is for some weeks mcreased, 
and not diminished If the nerve fibres to the islets m the vagus were 
entirely secretory nerves this would not be expected The possibility 
of the vagus contammg also fibres that exert a tonic mhibition upon the 
islets has been considered 

2 This mcreased tolerance after vagotomy gradually declines and 
18 later followed by dimin ished tolerance The explanation for this pheno 
menon is being investigated 

I wish to express my thanks to Professor Leathes for much helpful 
cnticism m this work 

The expenses of this research have been defrayed bv a grant from the Medical Research 
Conncil 
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OBSERVATIONS ON THE EFFECT OF ANOXAEMIA 
UPON HEART AND CIRCULATION 

By A JARISCH {Fdloio of the Rockefeller Foundation) 

AND H "WASTL {Research Student of Girton College, Cambridge) 

{From the Physiological Laboratory, Cambridge ) 

Stabting from the observation that heart dilatation sometimes occurs 
at high altitudes Takeuchi(i) recently correlated the degree of dilata- 
tion of the heart vnth the oxygen content of the arterial blood m cats 
He recorded the changes m heart size by usmg the cmematograph 
method Prof Barcroft suggested that rve should repeat the experi- 
ments cardiometncally 

Mtthods. In order to vary the oxygen content in the air breathed we devised an nirange 
®ent for mixing air mth nitrogem 



p ^ 

Pimip If 18 a rruxuig bottle with about 6 cm. oi water at the bottom 
Ihe Water opening to the ait and endmg about 4 cm under the surface of 

PtovidtT^ til ^ * similar glass tube reaching about 2 cm. under the water surface, and 
mtrogen ^ “ connected by means of a T tube with a 

mtrocM, ^ adjustment valve and a safety valve V, which regulates the 

“Sro pressure to about 2 cm. of water 
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If the filter pump is turned on and cock C is fully open pure mtrogcn mil bo suoled 
through, the pressure of nitrogen bemg 2 cm of water higher than the pressure of the air 
in tube A If now cook C is gradoally closed and the nitrogen supply to 31 dimimahcd, air 
will bubble from the lower end of A into 31, the proportion of nrocturo between air and 
nitrogen being dependent on the position of cook C, which can be read on a scale calibrated 
empirically The mixture is dnven by the filter pump mto the large bottle B, from which 
the water escapes from the outlet at the bottom through a rubber tube whose end can bo 
adjusted at a vanable height The gas mixture leaves B by tube L, a tall band of compo 
pipe reaching almost to the ceiling, and passes mto a small wamung bottle ir This arrange 
ment is adopted m order to prevent droplets of water from bemg earned over to the ammaL 
X IS a small glass tube of about 6 mm bore and 60 cm height, which roaohes about 8 om into 
the bottle B If more gas mnture is dnven mto the bottle B then leaves it at L, the surplus 
will escape through X 5 is an outlet for takmg samples of inspired air and T, is a safety 
valve regulatmg the pressure of inspired air as required. B is connected with Takouchi’s (2) 
revolving cock. The tap water on its way through the pump gives up part of its dissolved 
gases to the gas mixture, which in this way acquires a constant COj content of 7 p o., but 
this m any case cannot be but advantageous to the ammal Some oxygon is added out of 
the water and this together with the oxygen content of the commercial nitrogen makes it 
Impossible to obtam mixtures with less than 2-3 p c of oxygen From this point up to 
21 p o of oxygen any mtermediate oxygen concentration can be quickly supplied as 
required m the course of the experiment 

We used cats and rabbits, since we could not employ volatile an- 
seathetica we gave in most expemnents a large dose of methane (about 
1 6 grm per kg ), but m some also cUoralose or lummal 

We used Eothberger’s cardiometer with Starhng’sP) rubber cnfT, 
and a piston recorder for registration of the heart volume Both 
vagi and phremc nerves were cut The blood-pressure was token from 
the carotid artery and blood samples from the femoral arteiy (each 
sample about 1 5-2 c c ) with a pipette moistened with a concentrated 
sodium oxalate solution contauung a trace of sodium fluondc The blood 
samples were kept under paraffin The oxygen percentage saturation was 
determmed with Barcroft’s differentiometer, the volume percentage CO.) 
m the blood with Van Slyke’s constant volume apparatus using 2 c c 
for each determmation Inspired and expired air was analysed witli 
Haldane’s apparatus 

The experiments were conducted m the following way the rcquirct 
concentration of oxygen was turned on, samples of inspired air, bloof 
and expired air taken as soon as changes in the tracings occuned, or, 
at the higher values of oxygen content which had no apparent eueefs, 
after a correspondmg time AYith low oxygen concentration, when ic 
heart began to fail, we switched over to ordinary aw ns quickly po«si j c 
in order to enable repeated tests to be made Therefore our imit 

threshold hmito m acute anoxa3mja , 

ItespiratoTy condxlions and blood gases The respiratory con i lo 
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our expenmenta are lUuBtrated by three examples m Tables I-III (see 
Appendix) Figs 2, 4 and 5 show the percentage oxygen saturation of 
the blood corresponding to the oxygen tensions of inspired and expired air 
From Fig 2 it will be seen that the curve hes somewhat lower than 


Bt pr 



•S- 2, Rabtit, urethane narcosis chest unopened, vagi cnt. Relation between oxygen 
pressure in inspired air o and expired air x and oxygen percentage saturation m 
the artenal blood and the blood pressure • • , the line signifies the blood 

P'wnre in the intervals between the anoxsemic periods The volume p c COj are 
noted under the respective points of the curve I and 11 give the values with 
natural respiration before and after the penod of artificial respiration, T, dissociation 
^■nve of rabbit’s blood at 35* C and about 40 mm. HgCO, pressure (Barorof t and 
mg (4)) It should be observed that the figure does not give any information on 
t e sequence of the different observationa but only the values obtamed in the 
fierent tests m the course of the experiment, 

tbe oxygen dissociation curve of rabbit’s blood obtamed tn vitro 
be King(4) (at a COj pressure 40 mm ), but it should 

e 0 erred that the percentage saturation is not plotted against the 
5 ' eolar oxygen tensions as it was not possible to detemune these But 
fig out the experiment the pressure of inspired air and the rate of 
lung were constant, and as the vagi were cnt, the dead space can 
e r^arded as constant for each experiment A further circumstance 
fi tends to depress the curve will be mentioned m the remarks at 
end of this paper 

of content m the expired air is comparatively low as a result 

e inevitable over-ventilation with artificial respiration Corre- 
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spondmgly, the volnme pc of COo m the blood drops with the onset 
of the artificial respiration, the degree of acapnia varying in the different 
expenments , but the extent of acapnia increases regularly towards the 
end of the expenment (Decreasing COo production, emptying the CO, 
stores (Haldane (5)), appearance of acid products ) This acapma has 
to be taken into account in considering the question of the oxygen 
utihsataon by the heart 

The heemoglobm content of the blood, and consequently its total 
oxygen capacity, decreases as a rule in the course of the expenment 
These changes can be related to the loss of blood by the taking of the 
samples and to the general low blood-pressure 

Blood-pressure The blood-pressure was generally low m our expen- 
ments (70-80 mm Hg) From Fig 2 can be seen that with the onset 
of the artificial respiration the Wood-pressure drops from 110 to 75 mm 
This is doubtless due to the depressing influence of artificial respiration 
and acapma upon the vaso-motor centre (yandellHenderson(C), Dale 
and E vans (7)), for when the artificial respiration was stopped after three 
quarters of an hour the blood-pressure rose agam as high as 100 mm 

The response of the vaso-motor centre to anozmmia in Fig 2 is 
a considerable nse of blood-pressure beginnmg at an oxygen percentage 
saturation between 85 and 73, and becoming maximal at 60 p c 
saturation 

In the above expenment the chest was closed but in expenments 
with open chest and cardiometer the anoxaemic reaction of the laso 
motor centre is somewhat different The nse of pressure is either much 
smaller or entirely absent or is replaced by a fall In 9 out of 13 
expenments the former was the case, in 4 a fall of blood-pressure was 
observed at such degrees of anoxiemia as produced nse of blood-pressure 
m the 9 This occurred before the heart began to be impaired (ns 
shown by the cardiometer curves), mdicating that the fall of blood 
pressure was of central ongin 

The state of the centres is very much impaired b^ the conditions 
necessarily mvolved m the method employed, namely, hamiorrhagc, 
coohng (which cannot be avoided perfectly in cardiometer expenment 
of long duration), muscle injunes, heaxT- doses of non-^ olatile narcotics, 
and so on, all factors which— as is known— depress the bulbar centres 
We tned to test the general excitabihty of the \aso motor centre V 
stimulating the femoral nerve and the central end of the vagus at f c 
beginnmg of each expenment and could evoke indeed only a verv 
moderate nse of blood- pressure with very strong stimuli Our expen 
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mEnts confirm tlie vieTr of Matliison(S) tliat paralysis of the vaso- 
motor centre occnrs very early m asphyxia (Fig 3), and this is quite 
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intelligible as the percentage utilisation of oxygen in the blood is very 
mucli lower with nervous tissue than with muscle tissue (L Hill and 
hrabarro(9)) The tendency for paralysis of the vaso-motor centre was 
greater in cats than m rabbits 

Heart volume Smce the heart volume depends upon the blood- 
pressure we may consider it as a fortunate event for our purpose, that 
the vaso-motor centre did not play a more pronunent part 

For simphcity’a sake we have given m Fig 4 an expenment where 
no rise of blood-pressure occurred The heart volume does not alter 
before the percentage saturation has fallen below 60 p c With about 
50 p c saturation acute dilatation of the heart sets m, the heart volume 
rushmg up, the blood-pressure droppmg rapidly Qmck administration 
of air restored it to its previous state With 40 p c saturation the 
disaster was precipitated Fig 5 gives an example where a percentage 
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saturation of 77 and 65 caused a rise of blood-pressure, ivith a con eq 
increase of the heart volume The disastrous dilatation of the heart o ) 
occurred with a further decrease of oxygen supply , 

In another expenment in which the blood-pressiirc was 
responded with further fall to anoxmmia. the result was t ic san 
principle, but dilatation occurred earlier, re when 
of the blood was not reduced so much The tracing show 
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dilatation occnired later than the fall of blood-pressure It is obvious 
that any reduction of the coronary circulation due to low blood-pressure 
—the oxygen percentage being already low — must impair the oxygen 
supply to the heart muscle and thus produce heart failure 

This leads us to consider the mechamsm which produces complete 
iailiiie of the heart m our experiments, as soon as the heart dilates 
beyond the mere compensatory dilatation corxespondmg to the nse of 
blood-pressure, showmg that the heart muscle itself is afiected Obviously 
ive have here a vicious circle estabhshmg itself, namely, that the heart 
as soon as it becomes weaker impairs its own oxygen supply, multi- 
plymg the mitial cause of its fadiire 

Our experiments therefore show that there is a defimte cntical degree 
of anoxffimia up to which the heart is not afiected and beyond which 
complete failure of the heart, endmg m death, occurs This cntical limit 
hes at 60 to 60 p c saturation and the available oxygen is still less, due 
to the Bohr efiect as a result of the accompanymg more or less pro- 
nounced acapma This hunt appears to be somewhat higher m cats than 
m rabbits Green and Gilbert(2i) find as the cntical limit of the Oo 
content m the inspired air 3 26 p c , they dimmished the Oj contents of 
tie inspired an gradually and observed the blood-pressure and electro- 
cardiogram- These results agree quite well with our observations 
Puhe Tate and amplitude The pulse rate (on the average about 220 
^ mmute, vagi cut) is comparatively httle afiected by anoxaemia 
cscees of anoxffimia which produce heart failure decrease the pulse 

rate about 15-20 p c or may leave it unchanged or may even shghtly 
nicrease it 


mce the pulse rate is scarcely altered the discussion of the amphtnde 
la ^phfied. “We find the amphtnde somewhat mcreased durmg anoxaemia 
^ rise of blood-pressnre Patterson, Piper and Starling(iO) proved 
consequence of an mcreased coronary flow which is added 
rues ^ inflow and outflow of the heart when the blood-pressure 

flow fh ■^hich there acts m the sense of mcreasmg the coronary 
^ e tendency of any tissue to open its channels m response to the 
mea ^ ii® ciase of the heart Barcroft and Dixon(U) could" 

the mcrease of coronary flow m anoxaemia If the 
causes vaso-motor paralysis and the circulation as a whole 
gives course the amphtude of the heart beat diminishes Table lY 

Pcnod ® values for every 20th second of an anoxffimic 

the ^od^^ tension m the mspired air and 45 p c saturation 
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Table IV 


Blood pressure 

AmpUtnde* 

Heart volume* 

Pulse rate 

(mm. ]%) 

0 0 

morease moo 

per 20' 

92 

2 47 

0 

64 

92 

2 47 

0 

SO 

94 

2 47 

02 

65 

109 

3 07 

0 24 

02 

96 

3 07 

04 

GO 

S3 

2 93 

1 07 

66 

80 

2 63 

12 

61 

74 

206 

1 73 

62 

51 

187 

2 53 

53 

43 

1 84 

3 07 

48 

34 

1 73 

3 43 

44 


* Cftloulated from the cahbration carve of the piatOE recorder 

Oonditstons It can be deduced from our experiments that the acute 
dilatation and failure of the heart imder want of oxygen already described 
by Kaya and Stariing(i 2 ), and Mathisontic ) occurs when the percent 
age saturation was lowered to about 60 to 60 p c In agreement with 
that, heart failure occurred in the experiments ofBarcroft and D i xon (il) 
when they let the animal breathe an oxygen-nitrogen mixture con 
taming about 4 p c of oxygen The heart seems, therefore, to be verj 
resistant to lack of oxygen m such acute experiments pronded that 
there is adequate elimmation of its metabohtes The heart goes on 
beatmg even if perfused with oil (S o 11 m a n n (13), G u t h n e and P i k e (2i)) 
or mdifferent gases such as mtrogen or hydrogen (Magnus (H)) 

Takmg mto account the conditions of our expenments the actual 
resistance of the heart muscle ought to be estimated yet higher (1) The 
pericardium has been removed, which m itself tends to increase the 
oxygen need of the heart as proved by Evans and Matsuokalis), and 
to decrease its resistance towards factors leading to dilatation (^as 
Kuno(i6)) (2) The comparatively low blood-pressure due to the im 
paired action of the vaso-motor centre lessens the efficiency of the 
important self-regulation protectmg the heart, namely the fact that the 
asphyxac stimulation of the vaso-motor centre raises the blood-pressure 
by constnetmg the systemic vessels whilst the coronary y essels dilate, 
thus increasmg the oxygen supply at the most important spot This is 
the reason why in the experiments quoted above (Fig 2) high bloo 
pressure was mamtamed at percentage saturations which in the cnrdio 
metric expenments were far beyond the cntical bunt 

Now we should bke to suggest why our researches differ from f 
work of Takeucbi(i), who found the chief changes in heart si7C to occur 
at the less extreme ranges of anoxiemia The low pulse rate of us et^ 
penments seemed to us to pror e that the yagi had not hecn cut, w uc 
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of importance for tlie reachon of tlie heart under auoxsemic conditions, 
as TTES shomi hy Green and Gilbertpo) "We therefore made an ex- 
periment inth vagi mtact to test the influence of the vagus reflexes upon 
tie coarse of the experiment (Artiflcial respiration, tracheal cannula, 
anoxffimic stimulation of vagus centre ) In this experiment we found, 
as tie only one out of 15, a nse of blood-pressure already with 15 8 p c 
oivgen m the mspned and 14 15 p c oxygen m the expired air, while 
tie percentage saturation was 72 (this latter value bemg m agreement 
with our other experiments as regards the cntical limit for the excitation 
of the vaso-motor centre) Smce we had immediately before with 20 9 p c 
oxvgenmthe umpired and 18 7 p c oxygen m the expired air, a percent- 
8ge saturation of 90, and immediately afterwards with 14 8 p c oxygen 
in the inspired and 12 7 p c m the expired air (withont any vaso-motor 
reaction) 80 p c saturation, the only possible explanation is that it 
Was caused bv bronchiospasm due m some mcontroUable way to the 
vagus nerve Further comphcations arose from irregularities, caused by 
eart blocL If m Takeuchi s film the heart was caught m just such a 
' ® the average value for the heart size will appear to be mcreased, 
y omission of heart beats the size of the heart is mcreased 
°®^y dunng the prolonged diastole 
such ^ heart due to anoxaemia is of the type of paralysis 

to th^ produced with deptessmg drugs, and cannot be apphed 

^ e question which arose from the observation of mcreased heart size 
at high altitudes This observation mav better be approached 
audo ^ problem of the tone of the heart A possible 

creas^li” observations m Peru may be found m the greatly m- 
uot sh soldiers retummg from the mountam front which did 

^«xeas^^^ senous heart muscle weakness, these enlarged hearts 

(Kauf m ^ qmcker after digitalis treatment 

ann and H. H ileyerciS)) 

^^oodTndJ welaiions betireen oxygen percentage saturation of the 

Percenf. general circulation Whilst Inmtmg the cntical oxygen 

tested m one and the same ex- 
oxygen concentration m the mspured air 
ceutage ^y exception, that the corresponding oxygen per- 

general blood was lower later on m the experiments 

Serial me- ^ of the circnlation as mdicated by the lower averatre 
P^reentage impaured The correspondence between oxygen 

“ivrhich the tln blood-pressure appeared m one experiment 

o -pressure was nsmg spontaneouslv from 42 to 90 mm,, 
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and the percentage saturation correspondingly rose from 82 to 90 p c 
(breathing ordinary air with 7 p c COg) Looking for an explanatioa 
why the slowing down of the circulation tends to depress the oxygen 
saturation curve of the blood, one has to remember that the tissues 
under anoxsemic conditions may pour into the blood acid metabolites 
which render the blood meionectac (Barcroft and Orbeli(io)), and that 
the regulating function of the kidney is very much impaired under the 
same conditions 

SUMMAUY 

1 A gas mixing apparatus is descnbed which dehvers mixture of 
mtrogen and oxygen m any required proportion between 21 and 3 p c 
of oxygen 

2 In cats and rabbits the relation between the oxygen percentage 
saturation m the artenal blood and the oxygen content m inspired and 
expired air was deter min ed 

3 The vaso-motor centre responds when the percentage saturation 
IS lowered to about 76 p c Usually, nse of blood-pressure then occurs, 
but sometimes fall of blood-pressure was observed 

4 Down to 60 to 60 p c saturation the heart itself is not affected 
under the conditions of our acute expenments (t e with vagi cut) At 
this cntical limit acute dilatation and failure of the heart is immment 

6 Impairment of the circulation decreases the amount of oxygen in 
the artenal blood 

We wish to thank Prof Barcroft for suggestmg this work to us 
and for his kmdly mterest durmg its progress To Prof Langley our 
thanks are due for offenng us the hospitahty of his laboratory c arc 
indebted to Mr T R Parsons for readmg our manuscnpt 

The expense* were partly defrayed by the Rockefeller Fonndotion and Girlon CoUcgf 
(Cambridge) 
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Tables I-in are examples to lUnstrate the lespiratorv conditions and blood gases. The 
as far as breathing mth 20-9 p c. of oxygen — are snch as given by Takeuchi (2) 
or optuual conditions for artificial respiration mth chest open. 


Inspired air 


0,pc. 

20-&i* 

1174 

6^ 

548 

20-93 

1-91 


CO,po. 

003 

062 

070 

071 
070 
075 


Inspired i 


0,pc. 

20-95* 
20-93 
19 20 
14 50 
14 45 
1051 
10 IG 
6-75 
2 92 
550 
312 


CO, p c. 
003 
070 
0 76 
065 
0 70 
072 
078 
067 
063 
065 
070 


Tablu L Rabbit, methane narcosis 


Expired air 

Oxygen percent- 

Volmne 



J- - 

s 

age saturation 

CO, p c. 

0,pc 

CO, p c. 

(blood) 

(blood) 

— 

— 

93 0 


1054 

1 54 

76 0 

29 74 

64K) 

105 

65 0 

26 02 

3 88 

1 14 

25 2 

23 94 

— 

— 

05 0 

20 04 

1 70 

107 

70 

— 

Table U. 

Rabbit, methane 

narcosis 



Oxygen 

Volume 

£<xpired air 

percentage 

CO, p c 




saturation 

m arterial 

0,p.c 

COjp c. 

(blood) 

blood 

— 

— 

92 2 

32 6 

— 

— 

89 0 

31 6 

17 80 

195 

86 8 

27 6 

13 50 

1 82 

79 4 

28 5 

13 50 

1 60 

76 0 


960 

161 

77 2 

26 0 

9 82 

1 17 

73 1 

23 8 

6-25 

102 

63 0 


2 16 

1 19 

33 3 

20 5 

— 

1 19 

15 8 



- — 

— 

12 6 




Oxygen 
capacity of 
blood 
13 7 
13 G 
13 7 
13 4 
13 2 
13 2 


Total 

oxygen capacity 
(c c. of 100 o,c. 
of blood) 


17 6 
17 1 
16 6 
19 3 
19 3 
16 5 
155 
15 0 
13 6 


Xatnral respiration, before opening the chest 


PH LXI 


39 
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Table Ur Cat, urethane nareosia 


Inspired air 

Expired air 

Oxygen percent- 

Volume 

Oxjgcn 

/ — 

A 

f 

, 

age saturation 

CO, p 0 

capacity 

Ojpo 

CO, po 

O,po 

CO, p 0 

(blood) 

(blood) 

(total) 

20 94* 

0 03 



— 

80 0 

33 86 

12 8 

20 80 

0 70 

17 86 

2 23 

860 

32 70 

12 4 

17 16 

0 73 

16 90 

2 26 

74 9 

30 98 

11 1 

14 60 

0 74 

1150 

2 24 

71 9 

31 85 

10 7 

10 05 

0 72 

9 60 

1 82 

60 0 

29 89 

10 6 

7 60 

0 69 

6 80 

1 40 

40 0 

26 25 

08 


* Natural respiration, before opening the chest 



THE EQUATION EXPRESSING THE EXCRETION OF 
A DIURETIC AND ITS RELATION TO DIFFUSION 
PROCESSES Bv E J CONAVAY and E KANE 

Physiology Deparhnent, JJnttersiiy College, Dublin 


I 

In a previous commuiucation(i) it was slioivii tliat in the rabbit after 
tie mjection of glucose the excretion of this substance by the kidney 
could be expressed by the formula VF (Cu — C^) = Nj , ■where V is 
the volume of urme in unit time and G„, Op the concentrations of glucose 
m the urme and plasma This formula appbes beyond a plasma con- 
centration of 0 43 p c (approximately 0 2 p c for the whole blood) and 
beyond a urme volume of about 0 05 c c per mmute per kidney m a 
rabbit of 2 kilos It is apphcable at the highest figures obtained for 
plasma concentration (18 pc) and for urme volume (3 25 c c per 
minute) The average concentration of urinary glucose at 0 05 c c per 
minute was 10 8 p c , at 3 25 c c it was 2 75 p c To produce this very 
high figure for urme volume a large mjection "was required and the plasma 
concentration reached the high percentage value of 1 65 

A similar formula Vf (C'„ - 1 25C^) = was found to apply 
to the excretion of sodium chloride, when the blood concentration 
rras brought well above the threshold value by injections of the order 
of 50 c c of 2 p c salme The minim al rate for this formula is somewhat 
higher than with glucose, bemg about 0 09 c c per mmute Below this 
Jste the value of Kj, falls rapidly, the urme concentration remammg 
largely constant The percentage sodium chloride m the urme is then 
approximately 1 45 p o 'with an average plasma figure of 0 70 

It was thought desuable to extend the apphcation of the formula 
to urea when the blood figure is very considerably increased by mtra- 
venous injections of urea m salme 

In relation to the temperature effect on urea some experiments had 
been previously done with urea mjections(i), but the urea m the blood 
was not estimated In the first experiments now reported the rabbits 
Were anaesthetised with urethane (2 grm per kilo) This was later 
changed to veronal (0 6 grm per Jalo) for with urethane the urea con- 
centration of the urme was occasionally well below its average maximum 

39—2 
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value at low urine rates The intravenous injections used were 5 pc 
urea in 0 6 p c saline The injection was usually about 70 c c for a 
2-kilo rabbit but the amount was often much varied The urine was 
collected from a bladder cannula over short periods of tune (1-15 
mmutes) Before fixmg the cannula m position the urethra and nd- 
joinmg portion of the bladder were ligatured off as well as the blood 
vessels runnmg along the bladder wall The cannula was then inserted 
with its openmg close to the entrance of the two ureters and tied in this 
position, so that very little dead space was present As a rule two samples 
of urme, a few cubic centimetres or more m volume, were collected, 
one a few minutes after the mjection, the other towards the end of the 
diuresis The fall m the rate of urme as the diuresis passed off was 
occasionally accelerated by bleeding the ammal Durmg the collection 
of the urine blood samples were taken from the carotid 

Often at the end of such an experiment an mjection of salme was 
given to determme its effect upon the urea excretion This effect will 
be considered later 

The urea m the urme wasestunated by Youngburg’s modidcation 
of the method of Van Slyke and Cullen(2), but smaller volumes nerc 
used m the initial removal of the ammoma by permutite The blood 
urea was determmed by a similar method in filtrates prepared by tlic 
method of Folin and Wu(3) Controls were carried out with standard 
urea solutions The results are shown in Fig 1 where the values of 



Fig 1 


VF(C„- Cjj) from 14 rabbits are plotted agamst the urine 
Beyond a rate of about 0 1 c c per minute the points run horizon J 
and lie around a mean value of 0 1 j 
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The values of [C^ — Cg) have beea corrected m each case for 
a standard weight of 2 kilos and a bodv temperature of 37° C The urine 
volume was considered as proportional to the body weight and the value 
(Co — Cs) ^ increasing 10 p c for a rise of one degree(i) Many 
of the unne samples were collected below a rate of 0 1 c c per mmute 
As stated above, it was found subsequently that this figure is the lower 
hmit of apphcation of the formula Consequently these values are not 
^tncth Useable, though as can be seen from Table I the discrepancv 

Ti^rx L 

ToL of tumt 

C.C p“r mm. _ 

referred to a I (C, -C*) 


Eip 

bodv wereht 


P c. area 

P c. area 

(corrected 

of 2 kilos 

Bodr t'-mp 

m anne 

m blood 

lor temp ) 

1 

1 56 

36 0 

1 19 

0-45 

0-16 


0-33 

36-7 

1 64 

0-32 

0-13 


OdIS 

367 

3 52 

0-30 

0-15 

(> 

345 

37 7 

0-7S 

0-3S 

0-12 


0-11 

36 4 

2 74 

0-35 

0-12 

3 

103 

33 S 

1 39 

0-S3 

013 


O-Oo 

332 

3 23 

071 

Oil 

i 

0-78 

3.5-6 

1 44 

0-42 

0-17 


0-07 

35-S 

3 47 

0-33 

0-15 

5 

140 

35S 

0-S9 

0-31 

0-13 


0-06 

37 1 

2 S2 

0-2S 

0-10 


m many cases not marked, and as will be noticed from the table the 
range of rate is very wide The urea concentration can therefore be 

^M’^essed by a formula similar to that used for glucose and sodium 
chloride 

ITie average constant for urea with li rabbits was 0 15, with a 
conespondmg plasma figure 0 0711 For glucose with nme rabbits 
^ ere corrections for weight and temperature could be apphed the 
average value of is 0 126, a figure practically the same as the 
^crage value 0 130 obtained from espenments on 33 rabbits before 
a influence of temperature was examined but m which the rabbits 
kept Harm The average plasma concentration was 0 03731 For 
9 With eight rabbits after mjections of the order of 50 c c 

- P c XaCl the average value of Ko was 0 0285 In these Cs had the 
^ 123/, with no considerable fluctuations from this 

.pi ^ already mentioned, the formula for glucose begms to apply at a 
*1 43 p c orO 02431 In the case of sodium chloride 

seem that the formula may apply immediately beyond “the 
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threshold,” but owing perhaps to interferences from other excreta the 
urmary chloride does not invariably rise to its maximum value at the 
lower urme volumes unless the blood chloride is considerably mcreascd 
by the mjection of salme In the urea experiments described above 
the blood concentration was always above 0 2 p c The formula applies 
beyond this pomt, but the lower limit was not determmed 


n 

In another communication(4) the effect of various substances on 
a glucose diuresis was exammed It was shown that the constant m the 
formula then used, VF Cu = was considerably decreased following 
mjections of 30 c c of phosphate, sulphate, etc isosmotic with the 
blood The expression 'V'VC^ gives approximately the values of 
y'V (C„ — Cb) where the urme volume and plasma concentration are 
not very high as then the value of Cb is small compared with (?„ The 
decrease of the excretion constant then noticed was not due to a lowermg 
of the blood glucose, for as many analyses showed this remained well 
above the concentration beyond which the formula applies Sodium 
chloride of 2 p c concentration had an effect similar to the other sub 
stances Normal saline (30 c c ) on the contrary produced comparatively 
little effect on the urme concentration, t e the value of '^VC„ tended 
to rise with the diuresis which, however, was in general slight The effect 
of chloride on a glucose diuresis was subjected to a further exammation 
m a series of experiments which we will now consider 

These experiments were varied by using larger injections of normal 
salme than previously and the urme was analysed for chloride as well 
as for glucose Otherwise the procedure was the same, samples of urine 
and blood bemg taken durmg a glucose diuresis before and after the 
mjection of the chloride solution The results are shown m Table II 


Salme mjections 
referred to a 
bodj Tveiglit of 
Exp 2 kilos 

1 25 c c , 0 0 p c XaCl 

2 60 c c „ 

3 25 C.C 

4 48 C.C „ 

Second injections 
la 50cc,09pc KaCT 
3 a 42 c c , 

2 a 70 c c ). 


Table II 



Pc EnCl 

Increase 
of p c XaCl 

■Unne flow 

in unne 

in unne 

after 

before saline 

after saline 

before 

injection 

injection 

3 2 

0 08 

0-03 

1 2 

0 33 

0 OS 

2 3 

0 02 

0 27 

1 2 

005 

035 

1 9 

0 08 

0 18 

2 1 

0 02 

0-CO 

2 1 

0 33 

0fi9 


Fl (C,-Cr) 
after 
before 
I n 
0-0 
0-0 
0 05 


1 15 

04 

O-OI 
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In tie table aie included tbe results of tbree esperunents tTbeic a 
second salme infection rras given after tbe fall of tbe first saline 
dnrresis In these tbe increase of uxmair cbloride, tbe relative increase 
of unne volume and value of (C„ — C^) for glucose refer to initial 
conditioiis If there is bttle increase m unnarv cblonde concentration 
the glucose excretion constant tends to rise \ntb tbe diuresis Tbis 
efiect rail, m general, be produced as vas noticed previously by a 
Huall m3ection of normal saline Tbe resulting diuresis is small and tbe 
concentration of glucose m tbe uxme remains practically constant(4) 

If the chloride concentration is appreciably mcreased as by larger 
mjections there is a faU m tbe excretion constant for glucose and tbe 
chloride produces a result similar to that previouslv sborvn on mjections 
01 sulphate That this lorvermg of tbe constant is not pecuhax to glucose 
ss previouslv Eunmsed(^) is shorvn by the efiect of chloride mjections 
on a urea diuresis Table IH sbovrs tbe results of experiments similar 


Table HL 


Salm“ injections 
referred to a 

■Crui" flow 

Pc XaO 
m nrme 

Increase 
of p c. ItaQ 
m nrme 

vT(C,-CH 

bodv -sBiaiit of 

after 

before saline 

after saline 

after 


before 

injection 

injection 

before 

70 C.C., (>d p c. Kaa 

2 1 

022 

OH 

135 

43 C.C., 0-9 p c. XaQ 

2-6 

02S 

014 

1 IS 

W C.C., 0-0 p c. KaQ 

•i-0 

032 

023 

09S 

40 tc, 0-9pc.Kaa 

1-0 

029 

ooe 

092 

35C.C. 

0-76 

040 

031 

067 

2pc.Xaa 

15<l 

ois 

065 

022 

S^ad mjecticms 

^c.c. 0-6 pc Xaa 

12-0 

022 

042 

0*77 

07 C.C., 0-9 p c. Xaa 

1 0 

029 

052 

0 24: 


to those upon the glucose excretion It irill be seen that where tbe m- 
CTe^e m cblonde concentration is very sbgbt the value of [C^ — C^) 
'to mcrease with the diuresis but further mcrease of cblonde causes 
^ ^^^^spondmg fall m tbe excretion constant 

chi remarked that diuresis m general mcxeases tbe 

^ urme when this has a low mitial value (5) 
however, is marked only when tbe nrme volume is con- 
^ increased- In these experiments tbe nrme volume with a few 
^cpfiozw temamed comparatively low so that tbe mcreased concen- 
on 0 chlonde may be regarded as due to the miected sabne and not 
an altered rate of unne flow 

to ca E sulphate, phosphate, etc which bad been shown 

H'S a all m the glucose constant was not examined but there is no 
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reason to doubt it would be similar It would then seem that diuretic 
substances compete for excretion possibly m relation to theu? relative 
concentrations m the tubule cells This mutual mterference of diuretics 
it may be noted refers only to the excretion constants The total ex- 
cretion will largely depend on changes m the urine volume, and tins 
IS obviously influenced by the mjection of diuretic substances We do 
not consider here the factors controlling the urme volume but only the 
relation between actual rates and concentrations 


UI 

The formula proposed by Austin, Stillman and Van Slyke(C) 
for the excretion of urea m the human subject is 

r._ ^ 

B s/ni' 

This formula holds below upper lunits of V and B, where 
V = Uime volume m unit time, 

B = Blood urea , 

D = Urea output, 
and If = Body weight, 

at uniform body weight this is equivalent to the expression 

VTU„ = AC's. 

where and Cg are the concentrations of urea m urme and blood It 
mav also be written 

Via C’„ = AC's * 


where < = time of unit volume of urine .,„uW 

At the upper or, as they term it, “ augmentation limit for the b 
(a lunit suggested by them from the work of Add is (7)) the for 
may be written ^ 


A„ 




Equation (1) is an empirical relation ^ {jnd a 

and the numerous figures of Addis and V An,bnrd('>i 

greater constancy with their equation than that proposed y A 
As pointed out m a previous communication equation ( ) 


Via (U« - Us) = At 


0) 


considered abore Equation (S) holds much bcl ond " ' 

tion limit of the order errn cd «t by them tor uren m the hum... I 
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and applies not only to urea but to glucose, and also to sodium chloride 
where Cs is altered to 1 250^ 

It was coiisidered(i) that equation (3) might be related to the work 
done by the kidney, smce the reversible work done m unit time on glucose 
m a glucose diuresis as calculated from the experimental values did not 
Taxy much with the rate The empirical formula 3, however, approxi- 
mates much closer to the experimental values than did the mmunal work 
Tequirement for the glucose excretion Calculations of the reversible 
work done on the secretion of urea m the human subject from the figures 
of Addis and W atanabe(8) give much wider variation than equation (1) 

Another and different significance may be attributed to these em- 
pincal formul® Equations of the same form can be deduced from the 
diffusion law for simple diffusion These equations relate the mean 
^ncentration Cj m a cylmder with the tune t due to diffusion of a solute 
om a constant concentration Cq m walls or at one end Thus equation 

VTft Ct = (4) 

presents the case where the concentration m cylmder is zero at zero 

f'o have an upper or saturation hmit when the equation becomes 


VYfi c, = ( 5 ) 

In the case where C, has reached a Innit and at zero tune there is m the 
ny nder a uniform concentration C, small compared with Cq then 


VT[t (C, - C,) = A, (6) 

equations (4) to (6) have the same form as the 
empttical equations ( 1 ) to (3) 

the diffusion to take place mto the lumen of 

hiehpT. tubule it is a diffusion across an mterface from a lower to a 
of a ^ paraUel for such a process m drffusion 

coefficient between two solvents with a high partition 

iodine frnm^ We may take as an example the difiusion of 

iodine diffnu cUoroform It is desirable to show that this 

IcT simnle controlled by laws of the same form as those deduced 

P dufuBiou m a homogeneous fluid 

solutiolTtwl'^®'®?! formmg a brown 

so that we could e ^ ^ chloroform formmg a violet solution (lO), 

constant Jtb w coefficient at eqmhbrinm to remam 

witn changmg concentrations of the lodme m water That the 
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iodine partition coefficient does remain constant between water and a 
solvent forming a violet solution is shown by the figures given by 
Mel lor using carbon tetrachloride (ii) At a water concentration of 
0 1934 the coefficient is 85 51, at 0 0516 it is also 85 51 It is possible 
withm a relatively short period to follow the diffusion of lodme from 
water mto chloroform by the colorimeter up to a pomt when the total 
concentration m the chloroform is several times higher than in the 
water If the observations be started with a solution of iodine in 
chloroform mstead of pure chloroform the diffusion has been followed 
withm a range of total lodme concentration about twenty tunes that in 
the water layer In the method used a little chloroform of known 
depth was contamed m one cylmder of the Kober colorimeter The 
plunger was adjusted to 3 mm from the chloroform surface Down the 
side of the plunger was attached a capillary tube, bent at the end so 
that Its openmg pomted somewhat upwards, bemg flush with the centre 
of the lower surface of the plunger Through this capillary tube there 
passed from a reservoir a solution of lodme m water at a rate of 0 7o c c 
per mmute The overflow was drained by capillary siphons The total 
concentration of lodme m the chloroform layer was estimated at any 
time t by comparison with standard solutions in the other cylmder The 
standards were chosen and varied so that similar depths of fluid were 
compared on each side Table IV gives the figures obtained in a typical 
experiment 

TabI'Z IV 


Depth of chloroform in fixed cylmder = 8 mm Cone of iodine in water 
Inj-erzrO 0097 p c Temp = 11 6° C 


mean p c cone 


Time 

of lodmo in 


in mmutes 

clilorofrom lajer 

Vi/i c, X 1000 

16 

OOOlO 

1 04 

26 

0 0052 

1 04 

32 

0 0001 

1 OS 

•12 

0 0006 

1 02 

65 

0 0073 

0 91 

77 

0 0079 

090 

107 

OOOOS 

0 90 

216 

273 

0 0147 

0 0176 

1 00 

I 00 

329 

0 0204 

1 12 

402 

0 0219 

I 09 

420 

0 0220 

1 09 


It will be seen that V Ijl C, = where C, is the total iodine con 

centration m the chloroform after time t 

Table V gi\es the results of varjing the iodine water cone 
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Table 'V 

Depth of chloroform l»ver=S mm 


C. 


p-c cone, 
of iodine 

Temp 

m rrater laver 

OKtO-24 

13 3 

0-0058 

12 5 

n-0097 

115 

O-OIS 

13-0 


0100 
It- 0^3 
0 105 
0 003 


Tie table gores the average values for each experiment It is clear 
from the results that Gt ~ KdGv:, ''xhere is the lodme vrater 
conceutratiou Tins equation has the same form as the t core ica 
equation (I) for total diSusion and as (1) expressmg the urea secretion 
m the human subject If the chloroform has mitiallv a unifomi i e 
concentration C, then the foUoumg formula experimentally applies 


(Cj - C,) = E^C^, 


as may he seen from Tables TI and YII 


Table VI 

D‘5-io{chIotofonnlaT«r=8miB. C,pc lodme in chloroform laver at zero tune —0 01-3 

• * -A t 


vT/(r,-c,) 

(mnltjphedbv 1000) 

OSS 

0-b“ 

003 
0 61 
0-65 
0 63 


Temp. =13 

7" C Pc. cone, of lodme m rrater 

c, 

mean p-c 

Time 

lodme m 


m nunntes 

chloroform laver 

c,-c, 

SO 

0-0157 

04)032 

S5 

0-01S7 

0 0062 

114 

o-om 

0-0069 

Ibl 

O4)-202 

0-0077 

212 

0 0-219 

0 0094 

272 

0 0228 

0 0103 


Table VXL 

Depth of chloroform layer =8 mm. 


nc. lodme m 
cWorofonn laver 
<=0 


C. 

p.c. iodine m 
rrater laver 


0 0061 0-0058 

0-0125 0<)064 

CK)501 0-0061 


V\ HC,-C,) 

0 069 
0-099 
0-103 


The full expression from theoretical reasons and the analogy of 
simple dtSnsion is prohahly 

{G, - Gf) = (PC«: - C,) X a constant, 

P hemg the partition coefficient 
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Here in our experiments is small compared with PGa ftud d w’e 
considered as mvariable or as the saturation concentration of the 
lodme m water, then 

Vllt(G,-C,)^E, 

which has the same form as the theoretical equation (6) and ns (3) 
expressmg the secretion of glucose, etc 

The chloroform layer m the experiments quoted had a constant 
depth of 8 mm Varymg the depth with each experiment we should 
expect the relation , — 

ViJiC,l=^K,C^, 

where I is the depth of the chloroform (This equation is deduced from 
the diffusion law as apphed to simple diffusion ) Kf was found to ho 
approximately the same at 4, 8 and 16 mm depth The value of A/ 
at the average temperature allowmg for changes m depth up to 1C mm 
is 0 078 Where there is no renewal of the iodine water the constant falls 
slowly with the tune due no doubt to the depreciation of the iodine 
water concentration The mitial values approximate to 0 071 If the mflow 
is considerably mcreased but mamtained steady so that a perceptible 
motion IS given to the water layer the form of the law expressmg the 
lodme diffusion remains unchanged but the value of the constant is 
mcreased It is clear from these observations that the equations 
expressmg total diffusion of a solute across an interface where a high 
partition coefficient exists between the two solvents ha\e the same 
form as those expressmg similar diffusion in a homogeneous medium 

IV 

There is in the facts so far advanced a close parallelism between 
the excretion of a diuretic and diffusion processes This is obMously 
reconcilable with a secretion theory of the kidney but not with a theory 
which supposes the reabsorption of water The secretion scheme t at 
first suggests itself is the simple one that all the fluid of the urine comes 
from the glomerulus and differs little if at all m composition from a 
blood filtrate and that this fluid is further concentrated by a diffusion 
secretion process of solutes If we regard / the time of emergence o uni^ 
volume of urme as proportional to the time spent in the tubu es cn 
from the lodme diffusion analogy we could expect the two equations 

VlJtC,=^KCn 

Vljt (C„ - Co) = A Co, 


and 
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ti« first vrlieii the blood concentratjon is low compared with all the 
nnne values obtained, the second when it is appreciably high Taking 
urea as an example the two excretion equations are 

Cu — -CCjJ 

lor excretion m the human subject (6) and 

(Co — Cb) = , 

lor the rabbit after injections of urea 

It win be noticed that in the last equation which apphes when the 
lood concentration is very high, the nght-hand side is a constant and 
independent of the blood, so that diffusion would m this case appear to 
t^e place from a constant concentration m tbe cells Tbis assumption, 
(^ever, does not appear necessary if we consider tbat withm the tubule 
cc 5 a phvsico-chemical process is creatmg the eqmvalent of a partition 
cient m regard to the diuretic substance between the cells and the 
and that beyond a certam level of mtxacellular concentration 
“ produce this physico-chemical change has 

Its hmrt DrSnsion might then he expected to take place as if 
concentration mdependent of further mcrease m the 
Accordmg to this suggestion we could regard the rntraceUular 
r atrahon as varying with the blood and not necessanlv higber 
ob of diffusion as it may occur m the kidney an 

made to takmg the tune of unit volume of urme as 
spent m the tubules as m diuresis the tubules 
end^. This distension, however, causes a correspondmg dun- 
t on m the ratio of surface to volume of the tubule contents As a 
enpw- ° ^ ^ alteration of tubule volume can he shown to he without 
on an apphcation of the drffusion equations 

fte vdIl^To^°^^ sodium chloride requires special consideration as 
■*13 wonhl formula According to our scheme 

"^earn glomerular fluid more concentrated than the blood 

shows aun analvsis of the glomerular turme m the frog(i 2 ) 

average relation to the plasma cUonde 
^3»<}nat- filtration theorv as at present defined is not 

lounula m then results, then calculations from the Dounan 

^ ^ msufiicient values 

“ connection with chlonde is that the blood concen- 

■tratioa even ^ ^ compared with the urme concen- 

verv slow rates, and from theoretical considerations 
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relating to diffusion the formula could be expected to apply better m 
the form . — 

Vl/i (C7„ - 1 25 C^) = {Cmsx - 1 25(7^) 

where (7mai is the urme concentration at very slow rates Hoirerer, 
where the value of vanes but little m a diuresis or is approximately 
the same m general as a result of similar mjections, this equation becomes 
that already given 

The simple form of theory used implies that the concentration of 
any urmary substance cannot fall below its value m the plasma This of 
course is not true The explanation withm the scheme advanced might 
lie either m an absorption of the deficient substance by a reversal of the 
secretion diffusion process, or m that the glomerulus while m general 
unable to concentrate is able to retam solutes 

Deviations from the diffusion formul© as given may be expected 
under certain conditions which we shall briefly consider We have shown 
how the excretion constant of a diuretic (apply mg at high blood values) 

IS m general decreased by the mjection of another diuretic There seems 
to be a mutual mterference which may be related to the relative con- 
centrations m the tubule cells This mterference will produce a changing 
value of the secretion constant as determmed from the formula and so 
an apparent deviation from the diffusion processes 

The augmentation limit for the urme volume found by van Slyke, 
etc has not been found in our experiments This may be related to the 
fact that m our observations the blood concentrations were very high 
Also there is the case of substances bemg formed by the kidney itself 
in which the blood concentration will be no index of that m the tubule 
cells It appears from the work of Behre and Benedict(i3) that wc 
can classify creatmme under this heading 

In conclusion, some speculation may be permitted ns to how a 
partition coefficient can be created in watery media If wc consider that 
solution m general is related to a combination of solute and solvent 
and varies with the degree of this combmation, then an mterference wit 
the hydration of sobds m water might produce an alteration ^ ^ 
solution process which would reveal itself as a partition coefficient vnt 
water on the other side of a membrane impermeable to the water u 
permeable to the solutes One could regard this membrane in t e ca-c 
of the tubule cells as situated only at the lumen side From such a v icw 
the change in concentration of the solute so produced would be arge 
independent of its chemical constitution Also, there would be no n« 
to unagme a higher concentration of urea, etc m the tubule cc s 
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exists m tlie blood Since the time of Heidenham such an mcreased 
concentration has been held a proof of secretion and conversely its 
absence a proof of absorption and yet in the case of the liver cells 
concentrating bde pigments in their secretion there is no evidence of a 
similar intracellular concentration 

SUMilARV 

A formula (C^ - Cg) = K found to apply to glucose and mth 
a modification to sodiuin chloride apphes also to urea \rhen the plasma 
concentration is much raised by m] actions In the equation, t is the time 
of unit volume of urme, C„ and Cg being the concentrations m nrme 
and plasma An equation of the same form apphes theoretically to 
simple diffusion processes and is shown to apply experimentally to the 
diffusion of lodme from water to a higher concentration m chloroform 
A scheme is put forward m which excretion m the kidney may be 
explamed as a similar diffusion process from the walls of the tubules 

Our thanks are due to Prof A-W Conway for mathematical 
assistance and to Prof J M O'Connor for helpful criticism of the 
paper 
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THE RELATION BETWEEN THE CORPUS LUTEUM 
AND THE MAMMARY GLAND 

By G DRUMMOND-ROBINSON and S A ASDELL 

{From the Animal Nutrition Institute, School of Agriculture, 

Cambridge ) 


iNTEODUOnON 

It is generally accepted that the stimulus for the normn' development 
of the mammary gland is derived from the corpus luteum, the stimulus 
bemg hormomc m nature The question whether the foetus has any 
influence upon the mammary development durmg pregnancy, apart 
from that which it exerts by prolongmg the hie of the corpus luteum, 
IS, however, still undecided In view of the mtunate connection between 
this organ and foetal implantation and nutrition, any attempt to solve 
the problem by removing the coipus luteum, while still retaining the 
live foetus, seems for the present, out of the question Loeb and Hes- 
selberg(i) removed the corpora lutea m pregnant gumea-pigs at from 
3-6 days after copulation They state that in some cases an evammation 
at from 14-18^ days after coitus showed that abortion had not taken 
place, and that a new ovulation, with consequent production of new 
corpora lutea, had not occurred It is difficult to reconcile this with their 
observation that the presence of a corpus luteum is necessary for the 
production of the decidua, and with Eraenkel’sfZ; statement that, m 
the rabbit, removal of the corpora lutea in the early stages of pregnane} 

IS always followed by abortion Loeb and Hesselberg found in the 
gumea-pig that, whether abortion took place or not, proliferation of the 
mammary cells, manifested by the presence of mitotic figures, was not 
taking place at the time of examination In their control guinea pigs 
at this stage, of seven cases the mammary cells are described as pro 
liferatmg in three and as mtermediate in four Proliferation is not then 
a constant feature of this early stage of pregnancy in this species 1 ur 
thermore, associated with the cyclical corpus luteum of mstrus, there 
IS a considerable deielopment of ducts before pregnancy occurs, an 
the corpus luteum of pregnancy does not appear to stimulate t ic 
mamman gland to further growth immediatoh The nheoiar groa-t 
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seems to be started by the action of the corpus luteum of pregnancy — 
after some retrogression due to the cessation of the stimulus from the 
previous corpus luteum of oestrus has been made good — at about the 
tune that the cyclical corpus luteum vrould have degenerated 

In the work on the goat described m this paper, no light is thrown 
on the question as to whether mammary development may occur m the 
absence of the corpus luteum if the foetus is present, for m all cases 
except one, abortion followed the removal of the corpora lutea In the 
amgle case which proceeded to term, a small corpus luteum was found 
near the hilum of the ovary, m which position it had apparently been 
overlooked at the time of the operation 

Woodman and Hammondp) have shown that m the cow, pregnant 
or the first time, a cloudy secretion with the consistency of honey is 
to be obtamed from the udder from about the twentieth week of preg- 
nancy onwards (The duration of pregnancy in the cow is about 40 
) •^sdell(4) confirmed this, and demonstrated the relation of this 
to colostrum and to milk, colostrum being shown to consist of a 
mixtoe of the viscous secretion, often containmg up to 38 p c of 
If ’ abrupt appearance of this globulm secretion 

^ a -way through pregnancy was shown to occur in the goat also In 
species it appeared at the tenth week of the 21 weeks’ pregnancy 
period IB known to be that at which the growth of the alveoh, as 
ba ducts, begms Hammond and SanderB(5) 

cm t “ pregnancy, the yield of the lactatmg 

abo t ^ distmct fall which is contmued untd the cow is dry, usually 
ent^ before parturition This would appear to be due to the 

foTo^ *1 mammary cells upon a growth phase It is there- 

^e a d to the phenomena aheady described 

P^er the relation between the corpus luteum, the globulm 
beentn^' secretion is considered The method adopted has 

the fi^r"^ corpora lutea or the whole ovary from goats pregnant 

2 Weeks b f cases the operation has been performed about 

itbadann globulm secretion was due, m others, 2 weeks after 

repo:^^^^ subsequent mammary reactions have been studied 

Exfenmental 


tende: 
in 


hands of the pedigree breeder shows a strong 


idencv to Iopi + ^ uieeuer snows a Strong 

^hich tbJT pregnancy (A8dell(4)) The goats 

^tb that bleifd ammals 

Lxi blood— a blend of English, Nubian and Swiss— which 
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lias produced such, extraordinary results so far as the amount of milL 
yielded in a lactation is concerned The unimproved native gout dots not 
exhibit this tendency Accordmgly, for the purposes of this work, great 
care was taken in the choice of animals Those used were without trace 
of loppmg ears (Nubian), or of tassels and Toggenberg face-markmgs 
(Swiss) They were all virgms and were served by the buck under super- 
vision They were fed m a normal manner 

The corpora lutea were removed from some a fortnight before the 
thick secretion was due to appear, the latter time bemg about the tenth 
week of the 21 weeks’ pregnancy In the others the operation was 
deferred until the twelfth week, when, except m one case, the globulin 
secretion had already appeared The method adopted was to open the 
abdomen, brmg the ovaries to the surface separately, with as httle dis 
turbance of the uterus as possible The latter was not exposed in any 
of the operations, as it was desired to reduce the risk of operative abortion 
to a mmimum The corpora lutea were cut mto with a scalpel, and shelled 


Table I Sammarv of Opentloas and their Effects. 


Goat Effects on totns 
^ar/y operations 

1 Abortion, foetuses 

found 

2 No abortion 

3 Abortion, foatuses 

found 

4 Abortion, foatus not 

found, bnt blood 
clot on vulra 

8 Abortion, foetus not 

found, but blood 
clot on Tulva 


Za/e operations 


6 

Abortion, 

found 

foetuses 

6 

Abortion, 

found 

foetuses 

7 

Abortion 

found 

feetus 


Effects on Mammary Gland 


Remarks 


No secretion 

2-3 0.0 milk per day, then thick 
secretion, a few drops each day 

No secretion before operation, then 
1-2 O.C colostrum each day The 
alreoh were developing 

No secretion before operation then 
a httle tfucL secretion. The alveoli 
were developing 

1 drop clear viscous secretion be 
fore operation then a few drops of 
miU., with Jeter a few drops of 
thick secretion. Globulin demon 
strated quahtatively 

2-3 C.C. thick secretion removed 
each day before operation then 
400 CO nulk each day Alveoli 
well developed 

Thick secretion at 11 weeks. After 
operation 300 c c colostrum 
rising to 700 c.c milk per day 
Alveoli well developed 
No milk, bttic development of 
alveoli 


Kidded at term, a cerpM 
Inteum overlooked 
New corpus luteum formu'5 


New corpus luteum lonnwz 


Whole ovanes removed 


A corpus luteum overfwt^ 

thick M^wtion had P 

pcared. Operated at H 
WtxLB 

rhick ‘ft 

peared. Operated at 
wceVi 


,m-retion had aP 
Operated at 

rhis app«f» ; 

f delayed derelop 
hetnamrosrvplinl 
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out, the canty being scraped mth a sharp spoon and cauterised The 
corpora Intea shelled out readily, leaving a smooth Imed cavity It was 
found to be diEBcuIt to discover all the corpora lutea as they were im- 
pigmented and were sometimes hidden near the hilum of the ovary If 
a follicle were pncked durmg the operation, the cavity was cauterised 
A Bununary of the operations and their consequences is given m 
Table I 

Discussion 


Prom these experiments it is evident that the appearance of mdk 
la quantity after the removal of the corpora lutea was always preceded 
by the appearance of the viscous globulin secretion The case of goat 7 
IS of great importance m this respect It is the only case of a considerable 
number evammed m which the globulm secretion had not appeared by 
the eleventh week of pregnancy In this goat, although the corpora lutea 
■'vere removed at the thirteenth week, no milk was secreted This ex- 
ception supports the inference drawn from the other experiments that 
milk secretion m quantity does not occur unless the mammary gland 
has passed through a stage of development which is characterised by 
the production of globulm It is also shown that the growth of the 
^veoh IS always m progress when the thick secretion has appeared 
In view of the fact that the globulm secretion appeared whether 
the corpora lutea had been removed or not, m some of the goats operated 
on early m pregnancy, it was decided to remove the whole ovary m 
^ome cases at this period Unfortunately, cucumstances arose which 
prevented the use of more than two goats for this purpose Of these, 
one died after the operation, but the other, goat 8, gave a well-defined 
positive result The viscous secretion, demonstrated to be largely 
g obuhn, appeared 17 days after the operation, about the normal tune 
or the appearance of the secretion This suggests that, the stimulus 
or mammary growth havmg been given, the gland can contmue deve- 
opmg for a tune Either sufficient hormone is stored m the system, or 
e impetus already imparted to the cells is sufficient for a while The 
atter seems the more satisfactory explanation, for it is urdikely that 
e ormone would remam stored and potent for over a fortmght 
ere is the possibihty that a dead foetus may have been lymg m the 
^terus and have caused this development This, however, is unlikely, 
mce m goat 3 such a possibility is excluded, while m goat 4 the mvolutiou 
e uterus was such that abortion of the foetus had apparently taken 
ufter the operation This development which occurs m 
Qe absence of the corpus kteum is not followed by milk secretion 


40—2 
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Furtiier evidence of tiie importance of the half-way stage in mammary 
growth IS given by Hooper (6), who has considered the effect of abortion 
at different stages of pregnancy on the mdk yield of the lactatmg cow 
In SIX cases m which abortion occurred m the mterval between the 
I03rd and the 183rd day of pregnancy, ze up to a month after the 
globuhn secretion would have appeared m a prima gravida, the average 
milk secretion for the month precedmg the abortion was 516 lbs , and 
for the month followmg 524 lbs In the second group of six cases abortion 
occurred from 216 to 254 days after conception The average duration 
of pregnancy m the cow is about 285 days In this group the average 
yield rose from 411 lbs to 683 lbs In the earher set, the rise is of 8 lbs 
only durmg the month, while m the later abortions, where mammary 
growth has set in, the rise is 272 lbs 

Another pomt which has emerged from this work is that after the 
removal of the corpora lutea, ovulation is spontaneous, occurrmg from 
the sixth day onwards There are two cases of actual ovulation after 
operation m these goats, but the signs of oestrus were vague The spon- 
taneity or otherwise of ovulation m the goat does not seem to have been 
determmed previously, but m view of the cyclical oestrus durmg the 
breedmg season, it is probable that ovulation always is spontaneous In 


order to test this pomt, a goat was killed 80 hours after oestrus was 
first observed Ovulation had occurred, and a corpus luteum was found 
m each ovary There was no possibibty of coitus havmg taken place 
The case of delayed appearance of the globulm secretion m goat i 
IS of considerable interest tor it denotes a delay m the development of 


the mammary gland This was confirmed by histological exammation 
Development was less at 14 weeks than is usual at 10 weeks Eemo%al 
of the corpora lutea m this animal did not result m the production of milk 
as was the rule in goats operated on at this time or a week earlier This 
mdicates a lack of co-ordmation between the corpus luteum and the 
mammary gland It is possible that this lock of co ordination is the 
result of the action of some unknown inherited tendency If so, it wou 


furnish an explanation of the action of such genetic factors ns are kno^ 
to affect the milk yield, for the degree of development attained by t e 
gland must determme the maxmium yield of mdk at the commencemcn 


of lactation 

In a paper on the decline of mdk yield with the advance of prcgnnncv , 
Gaines and Davidsoniri state that this decline is prohabh due to an 
mhibitmg hormone which is said to circulate m the blood of the pregnan^ 

animal, and that this inhibition 13 removed at parturition They const 
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that tie gradual attainment of tie maximum yield denotes that tins 
mhibitor is not removed from tie blood system immediately after 
parnmuon, but persists for a variable time during vriich tie miibitory 
efcct gradually decreases Tie present writers consider that tie postula- 
ton of an miibitory hormone is unnecessary Half-way tirougi 
pregnancy tie corpus luteum secretion stimulates some of tie mammary 
cdls xo growth. While the cells are growing and dividmg, it is unlikely 
that they can contmue to secrete As pregnancy advances, more and 
core cells pass into tie growth phase, and consequently tie milk yield 
fiows a progressive decrease At parturition or a short while before, the 
corpus hrteum degenerates, and, tie growth stimulns bemg removed, 
tie cells gradually revert to tie secretory mode of life 


StrinunT 

BemoTal of tie corpora lutea m the pregnant goat was always 
-oHowed by the abornon of tie foetuses 

k tie removal was performed before the globulm stage of mammary 
S'^tiOE was reached, mil k was not secreted m bulk. Eemoval of the 
corpora lutea afrer tie globulm srage was followed bv an immediate 
cop ous Srcretion or mtTV 

The stsnahis for growm having been Even '^o tie mammary cells 
i.‘ lie corpus hrteum. tney appear to be able "^o reach tie globulm stane 
p^oui rerNsinng ^ coutmued snmulus Ii by exc.smE me corpora 
urea, stimulus is removed, me amammeut of tis ulobulm staae is 
not loHowed by t-itP- secremon. 

Orulation m tie gca* xs spoutaueims 

Tie mmence of me corpus luteum up-ou *'ie nuammar” elard is 
own m be a vamso.e oum th u s nromums' a t-ossi.e baws for tie ayuou 
o: geuetie faiyors aweemm me’d . 

^ E23i swrre-um. turul 
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THE CORONARY CIRCULATION IN THE ISOLATED 
HEART. By ALHAililOUDA ^>1' E KINOSITA 


(From the Deportment of Physiology and Biochemi^ry, 

VniKersxfy College London ) 

Tni: correct mterpretation of expenments on coronarv circulation m 
the vliolo airrma^ -presents so many diScnlties that it is necessary to use 
simplified lonns of technique trhich inll -permit the experimental 
coadmons to he controlled. Apart from the use of x£olat<^ coronary 
Hood Teaels the isolated -perfused heart and the heart-lung preparation 
tto-ald seem to sansfv the reonirements These tvro methods have been 
used hr many TTorkers but not al-Kuystnrh concordant results Porter(i) 
found m -the isolated heart that aumnen-tation both m the strength and 
m the rate of the cardiac contractions mcieased the coronary fioit , 
Langendoiffg) and hlaasiS) that arrest of the heart diminished the 
fioTT Sehaierji) andesuecnlly WiggersfO) consider that the coronary 
floTT depends ntnnately ctwn. the massaging mhuence of the cardiac 
contractiom On the other hand. Sassa'i^ found that acceleration of 
the heart due to rrarmma the -perfusion Suid -vras accompamed by a 
conxderahle dunmution m the coronary So— —Idle acceleration pro- 
duced By mea-us of heainiE tne smo-a-uncular node caused a slight 
augmentation or the no—, 

Bxpenm'^ntc performed on the heart-lung preparation by Hark- 
"ralder and S'arhngC; Nakaga— a(=j, Hilton and EichholtzD 
2ud Anrep and Segallco; sno-r ihai neituer dn-mng of the heart 
Cerent ta-^es, nor sirengihening of th® cardiac con'raction produced 
mcreasmg -tie moke cntmt nave any appreciabh enect upon the 
Qumiie on-tno- mom ihe coronary snris a'xelera'yon of the heart -pro- 
du^ b- ::snmg the '■emxeratnre of ihe blood from ~o 40’ shghtly 
^uoss tne no— In tne cen-r-aied heart-king preparation, therefore, 
•■h® arterial hlc/yi-prersime is the oiil~ mechan_cal factor — hich deter- 
— tne ra*e of hotr "nrcngh tne coronair — ©sels 
^ Obtirra-yons — mh regard to the a^on of adrenalme and stimuladon 
u* tn-^£yninntn=^n ner-e npon the fymonary cirmlation ate eoually 
rchafer found no enec^ Haas, Sassa Kravkorci) 
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observed a vasodilatioii Brodie and Cull is ( 12 ) observed a laso 
constriction witb small doses of adrenaline and a vasodilation witb larger 
doses, wbilst Wiggers observed m the restmg heart a pure vaso- 
constriction On tbe other band, all workers who used the heart-lung 
preparation or isolated rmgs of coronary arteries (Langendorff(J3), 
Pal(i4), de Boms and Susaanna(i5), Campbell(i6), Barbourai), 
Cruickshank and Subba Baufis;), found adrenaline to cause a pure 
vasodilation 

The experiments on the coronary circulation referred to above have 
been performed on the hearts of cat, dog, sheep, rabbit and ox It is 
possible that adrenalme has a different effect m different species of 
animals, but the contradictory results of the experiments on mam- 
malian hearts cannot be explamed m this way, smce several workers 
performed their experiments on the same type of anunal 

At the suggestion of Dr 6 V Anrep we have remvestigated the 
problem of the coronary circulation m the isolated perfused heart 

Method One of the mam sources of error in experiments upon the 
perfused hearts arises, as pomted out by Schafer and by Wiggers, 
from a part of the perfusion fluid leakmg through the aortic valves mto 
the left ventricle, so that all the fluid flowmg from the heart does not 
pass through the coronary vessels Wiggers finds that the magnitude 
of the leak bears no relation to the coronary flow and that it is necessary 
to obviate the leak either by msertmg the perfusion cannulre directly 
mto the coronary arteries or by drammg the left ventricle Wiggers 
pomts out another possible source of error, namely, the right ventricle 
by more vigorous contractions may mcrease the outflow from the heart 
as it empties its cavity Atzler(i9) and Sassa, to obviate this error, 
registered the inflow of the fluid mto the coronary blood vessels, while 
Wiggers and Kravkov worked with arrested hearts The error can 
also be elimmated by drammg the right ventricle either by means 
of a tube introduced through the auricle or directly through the wall o 
the ventricle, the pulmonary veins and artery being m both cases 
ligatured Our experiments (63 m number) were performed on iso a c 
rabbits’ hearts, which were perfused through the aorta, or throug ^ 
coronary arteries In the first case the left ventricle was dramed an 
found m confirmation of Wiggers that the leak may vary consi era V, 
in our experiments from 8 to 55 p c of the total outflow 
flow was collected from the right auricle and ventricle, so that o 
were empty of fluid Two perfusion fluids were used, (a) j 

carbonate-buffered Ringer’s fluid, and (5) oxygenated borate 
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Emgers fluid (modified ^Imes solutions CO)), the second solution bemg 
ii5°d TO mamtam the H-ion concentration of the perfusion fluid constant 
throu^out the experiment, and to avoid precipitation of calcium vrhich 
usuaflv occurs m ordmarv Ilm<^er s fluid Provided the H-ion concen- 
tration 01 the horate-hufiered Bmger is mamtamed mthm normal 
limits, it has no detrimental efiect upon the isolated heart, no difierence 
m the contractions of the heart, m the coronary outflov or length of 
snrnral of the heart being observed 

The composition of the borate-acetate solution used was as follows 
hone acid 0 031 p c , sodium acetate 0 068 p c , CaCh 0 021 p c KCl 
01'4 p c , ^aCl 0 84 p c 

The measurement of the coronarv flow was made either bv collecting 
the flmd m a cyhnder graduated to 0 1 c c or bv the graphic method 
emplovedby Brodie and Cullis m some experiments this was checked 
by Atzler s method of registering the coronary inflow The perfusion 
ptessure varied between 50 and 110 cm of water Records of the heart 
heat were taken m every experiment The coronary outflow was studied 
m hparts beatmg naturally m artificiaUy driven hearts m hearts with 
rentncular fibrillation, and m arrested hearts the efiect of adren alin e 
hemg tested m each case 

(<i) The ^ect of adrenahne in the naturally beating heart Brodie 
and Cullis found that small doses of adrenahne diminished the outflow, 
^hile larger doses caused a dnnmution which was followed bv a pro- 
onged augmentation the latter phase predommatmg over the former 
'^h an mcrease m the dose Two explanations of the temporary dimmu- 
tion in the coronary flow were considered (1) that it is due to the 
anpnentations of the contraction and to the acceleration of the heart, 
^ c produce a compression of the capillanes and thus mcrease the 
resistance to the flow until this effect is overcome by the proper dilatory 
action of adrenahne, (2) that adrenahne itself m small doses causes 
nr larger doses dilation Brodie and Cullis reject 
, ' explanation on the ground that the dnnmution of flow begms 

before the augmentation of the cardiac contractioru On 
experiments confirm those of Brodie and Cullis, ex- 
g only m respect to the tune relations between the onset of 
th“ ™ augmentation of the heart beat To determme 

cor ^ relations between the changes m the cardiac contraction and the 
Brod^^ methods, one exactly s imil ar to that of 

anothp^ Cullis m which the heart was placed honzontaUv, and 
r m which the heart was suspended verticallv The results obtamed 
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with these two methods were different With the horizontally placed 
heart we obtamed exactly the same tune relations as Brodie and 
Cullis, but with the second method we found that the temporary phase 
of decreased flow either began simultaneously with the augmented 
contraction or followed it after an mterval of a few beats 

Fig 1 represents an average effect of a medium dose of adrenaline 
Very small doses of adrenahne had m the case of the vertically suspended 
heart, either no effect or a pure diminution m the outflow, m which case 
an augmentation of the cardiac contraction or an acceleration were also 
present 

The difference of these results is due to the greater sensitivity of the 
recordmg system with the vertically placed heart, when the heart is 
lymg on its side its contractions have to increase considerably before 
the mcrease gets registered, smce the heart does not hft itself up with 
each beat and does not exercise a suflScient pull on the lever 

In several experiments the same heart was experimented upon both 
in the horizontal and vertical positions and we consistently found the 
results m the first case to be exactly as described by Brodie and 
Cullis, whilst m the second they were simdar to that shown m Fig 
The beg innin g of the augmentation of flow occurs m most cases at 
the tune when the maximum mcrease m the contractions starts to fall 
off The augmentation of the flow lasts for a very considerable length of 
tune, and if all the experiments are taken mto consideration it becomes 
clear that the mcreased coronary flow bears no relation to the increase 
m the cardiac contractions 

(6) Effect of increasing the heart rate and of ventricular fbnllation upon 
the coronary flow The acceleration of the heart beat when produced 
either by warmmg the perfusion fluid or by heatmg the smo auricular 
node IS complicated in the first case by the effect of temperature upon 
the coronary blood vessels and m the second case by a possible stimula- 
tion of the nerves r unn ing withm the region of the sinus In our ex- 
periments the heart rate was changed by stimulation of the left auricular 
appendix with rhythmic induction shocks We found no augmentation 
of the coronary flow even with considerable acceleration of the heart 
In some experiments there was a small and transitory acceleration 
with the commencement of drivmg, however, within a few seconds t ic 

* In the beginning of their research Brodie and Cullis also used a lerlicalli 
heart and in these eipenmenfa the beginning of the diminution of the flow was e mi O 
later (so far as is possible to judge from their Fig 1) than the commencement of t le mere 
in the beat- 
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with these two methods were drfferent With the horizontally placed 
heart we obtamed exactly the same time relations as Brodie and 
Cullis, but with the second method we found that the temporary phase 
of decreased flow either began simultaneously with the augmented 
contraction or followed it after an mterval of a few beats 

Pig 1 represents an average effect of a medium dose of adrenaline 
V ery small doses of adrenaline had m the case of the vertically suspended 
heart, either no effect or a pure dimmution m the outflow, m which case 
an augmentation of the cardiac contraction or an acceleration were also 
present 

The difference of these results is due to the greater sensitivity of the 
recordmg system with the vertically placed heart, when the heart is 
lying on its side its contractions have to mcrease considerably before 
the mcrease gets registered, smce the heart does not lift itself up with 
each beat and does not exercise a suflScient pull on the lever 

In several experiments the same heart was experimented upon both 
in the horizontal and vertical positions and we consistently found the 
results m the first case to be exactly as described by Brodie and 
Cullis, whilst m the second they were similar to that shown in Fig 1^ 
The begmnmg of the augmentation of flow occurs m most cases at 
the tune when the maximum mcrease m the contractions starts to fall 
off The augmentation of the flow lasts for a very considerable length of 
time, and if all the experiments are taken mto consideration it becomes 
clear that the mcreased coronary flow bears no relation to the increase 
m the cardiac contractions 

(b) Effect of increasing the heart rale and of ventricular fibriUahon upon 
the coronary flow The acceleration of the heart beat when produced 
either by warnung the perfusion fluid or by heatmg the sino-auncular 
node is complicated m the first cose by the effect of temperature upon 
the coronary blood vessels and m the second case by a possible stimula- 
tion of the nerves running withm the region of the sinus In our ex- 
periments the heart rate was changed by stimulation of the left auricular 
appendix with rhythmic mduction shocks We found no augmentation 
of the coronary flow even with considerable acceleration of the heart 
In some experiments there was a small and transitory acceleration 
with the commencement of drivmg, however, within a few sccon s t ic 

‘ In the beginning of their rcscarehBrodieandCulliBtiUou8(^n%ertiC3ll\ 

heart and in these eipenments the beginning of the dimmution of the flow was ^ 

later (so far as is possible to judge from their Fig 1) than the commencement ol me me 
in the beat 



coliox.tn) cincvL mox 


021 


after the removal of the current, the coronnn flow niivniente to Ti fl, 7 0, S ti, S s 4 
8 4 c c per minute 

The incrcnsed coronnr\ flow Inst-* ‘-o lo»p nu the fihnllation coii- 
■finucs In eases when the Nontneks spontnncrnisK recover from fihnlhi- 
tion the coronary flow (Itmmi''lies to its jirtviotis level 

A.t the end of an experiment when flu vtntrules an, toutrattuif' 
vath diminished strength or stop nltogtther a short faradic stimulation 
'vill also send the heart into fibrillation this will not however, bring 
about a relaxation of the ventricles wliicli libnllate m a semi contracted 

state In this ease fibrillation docs not cause am increase in tbo coronnr\ 
now 

The experiments on fibrillation show that the coordiiiat< d contrac- 
tions of the heart do not exercise a greater massaging action ujion the 
coronary blood vessels than docs fibrillation 

Injections of adrenaline mto a fibnllnting heart causes a definite 
augmentation of the corouarj flow (Exp b) 

\ Ruhhit’B heart perfuted vnth cnrltonMc Uinecr solulion IVrfusion ptv'iuiv 
wai R before tho m)ection of nilnnnlmo the coronnrv outflow 

c,c per minute and the heart rate fiO lieats per minute 
mjcction of 0 i tec of 1 40,000 (rendmps everj 70 m.ronds) 

H "8 no 100 04 00 88 
permim 80 80 74 74 70 02 02 02 40 4(i 40 40 

The Tentacles are now set mto fibrillation by a short faradisation, 
lev augments from 8 8 to 10 2 c c per minute at which 

1 stays for 5 minutes The same dose of adrenaline is now injected 
e Tentacles now fibrillate much more Tigorously and the coronary 
now mcreases about 20 seconds later 

Cflowinocpermin m 12 4 144 14 4 14 13 2 120 11 8 11 0 10 8 10 4 

heart'^l!.°i?T adrenaline upon a fibnllatmg 
VTehmmar^ mentioned, the first is the complete absence of the 
conatane ^ dimmution of the coronary flow' which is of nearly 

f ^tythmically beatmg ventricle, the second 

Aytii^cat htf to take place m both the 

^aW fibnUatmg ventricle It seems to us that 

prehmmftrv d ^ ^ constnetor action which brings about the 
ni the constriction should occur 

^oroi^ sSr ^ resistance to the flow owing to the more 

This exnlan f^he mtramuscular coronary blood vessels 

tkis explanation is strengthened by a few experiments in whicT^ 
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flow returned to its initial magnitude or sometimes fell even below it 
(Table I) 

Injection of adrenabne mto a heart which is driven at a constant rate 
produces a transitory dimmution followed by an augmentation of the 
coronary flow , the changes are comparable with those observed m hearts 
beating at their spontaneous rhythm It thus becomes evident that the 
augmentation of the coronary outflow cannot be explained by the 
acceleration of the heart beat, m driven hearts, smce adrenaline fails 
to cause, any such acceleration provided of course that the artificial 
heart rate is above the maximum effect of adrenaline on the heart 
beatmg spontaneously 


Table 1 Effect of heart rate upon the coronary ontflow per nunutc 
(The heart rate was changed by appbcation of rhythmic indaotion shodvs to the left 
auricular appendix The artificial rate iras maintained in each case for not less than 
5 minutes ) 

Heart rate Coronaiy flow c c per min 



Before 

After 

Before 

After 

■Bxp 1 

64 

no 

64 

04 

00 

120 

70 

08 


00 

180 

70 

02 

Exp 2 

62 

80 

50 

50 

62 

100 

50 

4 8 


60 

180 

00 

4 8 

Exp 3 

40 

85 

3 2 

34 

40 

100 

3 0 

34 


40 

130 

34 

30 


The experiments given in the above table show that in confirmation 
of observations on the heart-lung preparation, acceleration of the heart 
beat withm wide limits has no effect upon the minute flow through the 
coronary blood vessels If, however, the acceleration is excessne, the 
coronary flow tends to diminish 

While changes m the heart rate have no effect upon the coronary 
flow, ventricular fibrillation causes a definite augmentation of the flow 
Fibrillation was produced m our experiments by stimulation of t c 
ventricle with a strong faradic current ^^Tien i entricular fibrillation 
is produced early in the experiment the heart fibnllates m a state o 
nearly complete diastole, the coronary outflow is always in tlic-e ca 
augmented (Exp 4) This observation confirms the experiments o 
Maas and of Hilton and Eichholtz on the dog s heart 


Srp 4 Eobbit B heart perfofcd with borate Kmger, pH 7 4, icrap 3S C , 

5(M!0 beats per minute Coronarv flow in e c per minute S4,S4 1 
current is applied for 10 seconds to the left Tcntncle, both rentnclcs con mac o 
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1 30,000 for lO-lO minutes, (“i) perfusion tMth Ilinper contTinmp 
cyanides 

To that we nn\ add a few experiment'^ in wliicli tlier< wai oh'-irved 
a spontaneous cessation of contraction** In the ca=c of n inoeal of oxe pen 
or injection of sodium cvanide we oh'-erxed a quick incrcn«e in the 
coronary flow, thus confirniinp the ob'erxntions of Hilton and Hich- 
holtz With orygen free ‘solutions a jirogres'-ix c weakening of the 
contractions was caused 

Administration of Ca-free Rinper, strophanthin and oxxpenated 
sahne had no immediate effect upon the coronarx flow hut after "i-lO 
mmutes when the heart became arrL'*1ed in diastole the coronarx flow 
Iras alwaxs considerablx increneed Fip 2 ^hoxx** a ca^e in winch the 



and white dots^T^t ^ The coronary ontflow is shown by the black 

mtedots The tracing should be read from right to left 
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fibrillatioa of the ventricle stopped spontaneously after adrenaline had 
been injected (Exps 6 and 7) 

Exp 6 Rabbit a heart perfoaed with borate Rmgor’s fluid tho coronnry outflorr js 
registered every 20 aeconds, perfusion prea8ure=86 cm HjO, the coronary flow is 8tead> 
for 6 minutes at 5 4 o c per minute The ventricles are now set into fibnIMtion by a abort 
faradisation^ the coronaiy flow during fibrillation of the ventncles augments to 04 cc 
per minute Injection of 0 2 c o of adrenaline 1 40,000 increases the coronan flow to 6 4, 
7 4, 9 8 0 c per minute At this stage the auncles begin to beat at 00 and both rentnclcs 
beat feebly at 40 beats per mmute, the coronary flow falling to 9 0, 0 0, 8 2 c.c per minntc 
The ventricles are agam caused to fibnllate after the end of the faradisation, tho coronan 
flow IS 7 6, 7 4, 7 0 c 0 per mmute m consecutive periods of 20 seconds Two minutes later 
fibnllation is still present and the coronaiy flow is 0 2 c o per mmute 

The effect of adrenaline in this experiment was not changed by the 
onset of the cardiac contractions In other experiments m which the 
contraction started with more vigour the effect was to dimmish the 
coronary outflow (Exp 7) 

jExp 7 Rabbit’s heart perfused with borate Ringer 8 fluid perfusion pressure =00 cm 
coronary flow=4 8 oc x>er mmute Ventricular flbnllation is induced bj a short 
faradisation, the coronary flow augments to 6 1, 6 6, 6 4 c c per mmute Rbnllation 
stopped spontaneously and the coronaiy flow dropped to 4 0, 4 4 4 6, 4 0 c c. Ventricular 
fibrillation is mduced for a second tune and after the coronan flow reached a stead) level 
«t 6 6-7 0 0 0 per nunnte 0 2 o c of 1 40,000 adrenalme is mjeoted, 

Coronaiy flow moo per mm, 7 0, 8 6, 9 4, 8 8, 8-4, 8 4, 7 0 The ventncles conlmnc 
to fibnllate the whole tune After an interval of 10 minutes another 0 2 c c of adrenabnr 
IS mjeoted Coronary flowm c c per mm. 6 6, 8 4, 9 2, the ventncles suddenly recover Irom 
fibnllation and beat forcibly at the rate of 76 per minute, the coronarj flow abruplW 
dimimshes to 0 0, 5 0,4 8c a per mmute and reaches after an interval of 6mmiitea3 0-4 c c 
a mmute 

Injection of adrenaline in the later stages of the experiment, whether 
into the fibriUatmg or the beatmg heart, net er produces the same degree 
of augmentation in the flow as while the heort is fresh 

The doses of adrenalme necessary to produce acceleration and 
especially augmentation of the contractions are much smaller than those 
which cause a dilation of the coronary blood vessels In experiment with 
very small doses it can be clearly seen that the heart docs respond 
with vigorous contractions and beats faster, but only a pure diminution 
of the flow can be observed which is not followed by an mcreasc and 
which comcides with the period of strong cardiac contractions 

(c) Effect of arresting of the heart in diastole and m systole The heart 
was arrested by the following methods (1) remoial of oxjgen, (2) per 
fusion wnth oxygenated or unoxygenated 0 9 p c NaCI of the same 
H'lon concentration (Wigger’s method), (3) perfusion wit i ** roe 
Rmger, (4) perfusion ivith Ringer solution containing strop inn in 
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tliat adrenaline caused m'^odvHtion mo't of tbo'C vrlio Morfed on tin 
arreST'^ h^art found a diminution in the coronarj flow which wu'^ 
expb!nedbvvasocon«tnctioii However EHiottr.'u.p’rfu'incquirscent 
p^ces of the cats heart found that adrenalim cau'-ed a \a=odihtion 
KravLoT found aho a vasodilation in thf* rabbit s in’art which v 
arrest^ bv stxophanthin no precaution^ were takin, however to 
obnate the bak through the aort’c valv«-« iggcrs and Cainpholl 
ob erred a diminution of the outflow which thev ascribed to va'o- 
coastnction. 

As shown m Fig 2 a diastolic arrist of the heart is accompanied bv 
a considerable mcrease in the coronarv flow In this experiment the 
arrtst of the heart was produced bv substituting the Rmger fluid bj 
saline both oirgenated and both of pH 7 4 In the ca-^es when the 
diastohc arrest comes on epontaneously without anv modification of 
the prfusion fluid the sequence of cvent'= IS exaetlv the same Hovrever, 
m none of the cases the coronarv flow rimains at its new high value 
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Wlien the heart is arrested m systole whether this is preceded by 
ventricular fibrillation or not, the coronary flow is greatly diminished 
This is illustrated m Fig 3 The heart was bemg perfused with non- 
ozygenated Fmger solution and consequently the coronary flow was 
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Fig 3 Effect of adrenaline and of aystolio arrcat of the heart upon the coronary outBov 
(white dota) The tracing should be read from left to nght 


large A large dose of adrenaline was then mjected, which as usual a 
first decreased and then increased considerably the coronary ow 
Suddenly the heart went mto a systolic contraction which was P'^‘=ce e 
by violent ventricular fibrillation, it contracted „ r 

maximum height of contraction m the first phase o ^ ® ^ 
adrenalme Simultaneously with this arrest m systole t 
flow diminished from over 18 c c to about 3 c c per , sistohc 

several more cases m which the heart assumed such a j > 

contraction, either for no obvious reason or after a 
hne, m every case the coronary flow greatly dimmish 
band, if the heart was arrested m diastole t,ons con 

We have now to deal with the on the arrested 

cerning the action of adrenalme on the rabbit s heart found 

heart Those authors who worked on the beating rabbits heart 


C07?0AJ7f3 CIRCUL ITION 


that adrenaline cmi'^cd Mi'iodilntion, most of tlio'^c ^\ho worked on the 
anested heart found n diminution m the coroimrj How which wns 
explamed bj vasoconstriction How c\ er, K i 1 1 o 1 1 (^i), perfusing quu “irent 
pieces of the cat’s heart, found that adrenaline caused a \n>iodilation 
Kravkov found aho a \asodiIation m the rabbit s heart which was 
arrested bv strophanthm, no precautions were taken, howe\er, to 
obviate the leak through the aortic anise*! Wiggcrs and Campbell 
observed a diminution of the outflow which thej ascribed to saso- 
constriction 

As shown m Fig 2 a diastolic arrest of the heart is accompanied b\ 
a considerable increase in the coronnrj flow In this experiment the 
arrest of the heart was produced b\ substituting the Ringer fluid by 
saline both ox}*genatcd and both of 7)11 7 1 In the cases when the 
diastolic arrest comes on spontaneouslj without an} modification of 
the perfusion fluid the sequence of e\ ents is exnctl} the same I[owe\ er, 
m none of the cases the coronaiw flow remains at its new high value 



Fig ^ 

The cu^e coronary Bow on the arrested heart (white dots) 

left to right centractnre of the heart muscle The tracmg should be read from 
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for more tlian 2—6 mmutes , tlie flow sood begins very graduully to 
dimmisb, this period of dimmution contmues in different hearts for about 
16—30 minutes when tbe flow reaches a mmimum In every case it can 
be noticed that simultaneously with the dimmution of the flow the state 
of the heart muscle changes also The heart gradually and sponta- 
neously enters mto a state of contraction which finally brmgs about a 
greater shortenmg of the muscle fibres than that observed m the strongest 
contractions of the beatmg heart We are not m a position to say 
whether this contracture is due to a quickly developmg rigor or a real 
tonic contraction Adrenalme accelerates the development of this 
contracture, a case which is illustrated by Fig 4 In this evpennient 
the heart arrested spontaneously, before the arrest the coronary flow 
varied between 5 and 6 c c per mmute after the arrest it augmented to 
11 c c , an injection of adrenalme was followed by a contracture of the 
muscle and a simultaneous dimmution m the outflow to about 2 c c per 
mmute If adrenalme is mjected soon after the arrest of the heart and 
m not large doses, an acceleration of the flow can be sometimes obsen ed, 
m most cases, however, it is dimmished Fig 5 shows the effect of siv 
successive mjections, each followed by a diminution qf the outflou 
From the second mjection onwards the muscle relaxes ^fter the effect 
of adrenaline has worn off, the coronary flow correspondingly increases 

AVhile the whole heart when arrested reacts to adrenalme by a 
dimmution m the outflow it is easy to show that this diminution is not 
due to an active compression of the blood vessels, but rather to an 
mcreased compression of the capillaries If a few mcisions are made 
in the muscle so as not to cut any larger branches of the coronaries and 
the perfusion earned through the arterial side, adrenaline shou’s a 
definite dilator effect vhich is not counterbalanced by the contraction 
of the surroundmg muscles The blood vessels react in tins case m the 
same manner as isolated rings 

These observations confirm the experiment by Elliott, vho uorked 
on strips of cat’s heart 

Conclusions 

1 Changes m heart rate have no effect upon the magnitude of the 

coronary flow in the isolated heart . 

2 Adrenaline has a dilator effect upon the coronary blood \ esse s 

of the rabbit , 

3 The preliminary diminution of the coronary flow is due to ” 

cal factors, it coincides uith the period of maximal contractions o c 
heart 
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flow, be read from right to left A, normal heart beat and coronary 

60 OOO^* ° ^ injeotionB of adrenalme upon the arrested heart. Adronahno 
‘he nn ** arrows The magmtude of the coronary flow is shown bj 

*hort honrnot.i i* Tracings S-F are continuations of one another The four 

he seen that th >> ” indicate the height of the normal sj atoUo contractions it can 
■porous than of contraotnre which finally becomes more 

meteaae of contra^ coronary flow progressively duninishes with 

the duamnt.nn nAu mjection of adrenaline accentuates the contracture and 

non of the coronary flow 
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for more than 2—5 minutes, the flow soon begins very gradually to 
dumiush, this period of dunmution contmues m drSerent hearts for about 
16-30 mmntes when the flow reaches a mmimum In every case it can 
be noticed that simultaneously with the dunmution of the flow the state 
of the heart muscle changes also The heart gradually and sponta- 
neously enters mto a state of contraction which finally brmgs about a 
greater shortenmg of the muscle fibres than that observed m the strongest 
contractions of the beatmg heart We are not m a position to say 
whether this contracture is due to a quickly developing rigor or a real 
tonic contraction Adrenalme accelerates the development of this 
contracture, a case which is illustrated by Fig 4 In this experiment 
the heart arrested spontaneously, before the arrest the coronary flow 
varied between 6 and 6 c c per mmute after the arrest it augmented to 
11 c c , an injection of adrenalme was followed by a contracture of the 
muscle and a simultaneous dunmution m the outflow' to about 2 c c per 
mmute If adrenalme is mjected soon after the arrest of the heart and 
m not large doses, an acceleration of the flow can be sometimes observed, 
m most cases, however, it is dunmished Fig 5 shows the effect of six 
successive mjeotions, each followed by a diminution pf the outflow 
From the second mjection onwards the muscle relaxes ^fter the effect 
of adrenalme has worn off, the coronary flow correspondmgly increases 

^Vhlle the whole heart when arrested reacts to adrenaline bj a 
dimmution m the outflow it is easy to show that this diminution is not 
due to an active compression of the blood vessels, but rather to an 
increased compression of the capillaries If a few incisions are made 
in the muscle so as not to cut any larger branches of the coronaries and 
the perfusion carried through the arterial side, adrenaline shows a 
definite dilator effect which is not counterbalanced by the contraction 
of the surrounding muscles The blood vessels react in this case in the 
same manner as isolated rings 

These observations confirm the experiment by Elliott, who workc 
on strips of cat’s heart 

Co^CLUSIO^S 

1 Changes in heart rate have no effect upon the magnitude of t le 

coronary flow in the isolated heart . 

2 Adrenalme has a dilator effect upon the coronarj blood % esses 

of the rabbit , 

3 The prelimmary dimmution of the coronary flow is due to mec a 
cal factors, it comcides with the period of maximal contractions o c 
heart 
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The excretion of phosphate dnnng^ water dinresis 
Bv B E Hava2i> and G A- Beat 

Barge dmreses (500 ro 1500 c c per hoar) rrere prodnced m the normal 
inman subject br xrat-er Samples of nime and blood vrere 

obiamfd at xnterrals of abont SO minutes As tbe dmresis sets in tie 
fadseT rurns iroin. ooncentratinE to dilutin£ tie plasma piospiate "iviici 
^mams constant dnnng tie rrhole erpenmeni Snlpiates and nrea, 
io~5Ter continue to be concentrated m heaw diuresis Tie unnaiy 
piospiate may represent as mnci as a 50 p c dflntion of tie plasma 
pifispiate This beiarioux excludes phosphate rrom tie category of 
“no-tiiKiold*' bodies, as defined m terms of Cushny s theory of 
hidner excretion, ilayrs admits tie possibility of a reiy sight re- 
aisoiphon oi no-thresiold bodies bv tie rabnles but regards this as 
tu'^re renal ineSaency This can hardly be urged m tie case of a 
^ p c reabsorption. 

If piospiate is a threshold “ bodv, the actual mechanism vrhich 
aSo-rrs the kidney to change over from concentrating to dflntmg while 
tie plasma piospiate remains steady, is dim cult to picture 

On tie other hand, we find that during diuresis tie diluted piospiate 
tcaintams a constant rate of output and this lends some support to tie 
''uet of Eicioltz and Starling, that all piospiate is secreted by tie 
tubules A constant rate of secrenon may tbus be mamtamed. which 
ts independent ox tie amount of filtrate passing tie glomerulus 


Capillary permeability By Howard Fxoarr 

Tie loUowmg experiments were performed with the object of ascer- 
tainmg tie precise path traversed by crvstaHoids and colloids m tbeix 
t'asxage from tie interior of tie blood capillaries 

A Eolnron of 0 5 p c pot ferrocyamde and 0 5 p c. iron ammonrain 
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M HAMMOUDA AND R KINOSITA 

4 Fibrillation of tbe rela'^ed ventricle increases the coronary flow, 
the dilator effect of adrenaline can be also shown on the fibnllating 
heart 

5 The diminution in the coronary flow caused by adrenaline in the 
arrested rabbit’s heart is due to a compression of the blood vessels by 
the muscle and not to vasoconstriction^ 

6 The arrest of the heart m diastole is accompanied by an increase 
and the arrest m systole by a dmimution of the coronary flow 

We are grateful to Dr G V Anrep for duectmg this research and 
for helpmg us during the experiments 

The experiments on the plethysmographic registration of the coronary 
flow were performed by E K All the rest of the experiments by M H 

Part of the eipenses of this research was defrajed by a grant from the Ministry of 
Edncation, Egypt 
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The excretion of phosphate during water diuresis 
By R E Havard and G A Reay 

Large diuxesea (500 to 1500 c c per hour) were produced m tLe normal 
human subject by dnnkmg water Samples of uime an oo 
obtained at intervals of about 30 minutes As the diuresis se in e 
hdney turns from concentrating to dilutmg the plasma phosp ate, w c 
remains constant duimg the whole experiment Sulphates an urea, 
however, contmue to be conceutrated in heavy diuresis The umaiy 
phosphate may represent as much as a 50 p c dilution of t e p asma 
phosphate This behaviour excludes phosphate from the category o 
“no-threshold” bodies, as defined in terms of Cushny’s theory of 
bdney excretion Mayrs admits the possibdity of a very sug t re- 
absorption of no-threshold bodies by the tubules, but regards t as 
mere ‘‘renal inefficiency ” This can hardly be urged m the case of a 
50 p c reabsorption 

H phosphate is a “threshold” body, the actual mechamsm which 
allows the kidney to change over from concentrating to dilutmg, while 
the plasma phosphate remains steady, is difficult to picture 

On the other hand, we find that durmg diuresis the diluted phosphate 
mamtams a constant rate of output, and this lends some support to the 
of Eioholtz aud Starling, that all phosphate is secreted by the 
tubules A. constant rate of secretion may thus be mamtamed, which 
IS independent of the amount of filtrate passmg the glomerulus 


Capillary permeability By Howard Florey 

The following experiments were performed with the object of ascer- 
taining the precise path traversed by crystalloids and colloids m their 
passage from the mtenor of the blood capillaries 

A solution of 0 5 p c pot fertocyamde and 0 5 p c iron ammomum 
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citrate was perfused through a loop of mtestme (dog), the expenment 
being arranged so that the perfusion was begun as soon as the blood 
flow was arrested Perfusion lasted 4 minutes 10 p c formahn acidified 
with 0 5 p c HCl was then perfused This rapidly fixed the capillary 
wall and precipitated pmssian blue wherever the perfusion fluid had 
penetrated- 

Sections demonstrated that the prussian blue was precipitated within 
the cytoplasm of the endothehal cell The nuclei of these cells remained 
free from deposit This was taken to mdicate that the perfusate passed 
direotly through the cell protoplasm m its exit from the capillary 
Similar perfusions were performed on the rabbit, usmg 8 p c soluble 
starch solution To allow of the escape of the starch two procedures 
were adopted (a) After washmg out the blood from the selected portion 
of gut (1-2 mm perfusion) the portal vem was tied and the pressure 
within the vessels thus raised to the perfusion pressure (75 mm Hg) 
The vessels were fixed m formahn-iodme, the starch bemg precipitated 
as the insoluble blue compound Sections were cut by embedding in 
gelatme (at 37° C so as to prevent dissociation of starch-iodme com- 
pound) and with a freezing microtome (6) The gut was inflamed by a 
prelizmnary injection of abnn (m dog) The capillanes were thus made 
more permeable than in their normal condition Starch solution was 
perfused and sections obtamed in the way just descnbed 

The sections prepared m this way showed a precipitate of starch m 
the cytoplasm of the endothehal cells — this bemg evenly spread through- 
out the cell longitudmally but bemg more copious towards the inner 
surface of the cell (i e the one towards the blood stream) 

It would seem that colloids such as starch also find exit directly 
through the endothehal protoplasm 

Under conditions producing deformation, structures such as gelatine 
and soap gels become doubly refractive The effect of stretching gelatme 
on the rate of diffusion of Hb solution into it was tried- 2-5 p c gelatme 
was layered 4-5 mm thick over a rubber membrane capable of being 
stretched. The membrane was tied over the mouth of a large thistle 
funnel and stretchmg was accomphshed by inflation of the thistle funnc 
Each set of experiments was earned out under identical conditions t 
was foimd that diffusion occurred up to 27 p c more rapidly into t le 
stretched than the unstretched gelatme The mcrease of surface sufferec 
by the gelatme was about 11 p c , so that there was a real difference in 
the diffusion rate It is suggested that the mcrease of permca i ty on 
dilatation of a blood capiUarj may be partly explained thus cis 
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tie surface of an endothelial cell may be considered as presentmg a gel 
stmctnie composed of molecules which have one axis longer than the 
other On dilatation this structure is stretched — its molecules become 
orientated and present larger paths for the passage of molecules from 
the blood stream than exist m the unonentated condition of the mole- 
cules The experiments with the difiusion of Hb mto gelatine suggest 
that the stretch opens up more paths for drSusion. 


5'arther observations on the changes in the adrenal bodies under 
■^^lying conditions By Swale Tixcext^ (Middlesex Hospital 
Medical School) 


I have recently* recorded that if white rats be exercised at laboratorv 
(wmter) temperature their body temperature wdl fall and the chxomaphil 
reaction of the adrenal medulla will be verv considerablv reduced If 
thev ate fatigued at higher temperatures their bodv temperature will 
Ke and the chromaphil reaction will not be reduced At about lS-20'’ C 
t e temperature of the animal will neither use nor fall under the influence 
0 fahgue and the chromaphil tissue is unafiected Reduction of the 
^reperatnre of the surrounding medium will, mdependentiv of fatigue 
wuse a reduction m the chromaphil reaction if the ammaTs temperature 
comes lowered, which does not always occur It seems them that 
c eSect of exercise to the pomt of fatigue on the chromaphil reaction 
IS nrt direct, but secondary to the lowermg of tbe animal’s temperature 
irther experiments show that if adremn be mjected subcutaneous! v 
o the rat half-an-hoor before exermse begins, fatigue earned to tbe 
poi^ of collapse will not then reduce the mtensity of tbe chromaphil 
rea on m tbe adrenal medulla The bodv temperature, however in 

most cases, falls as usual - r , 

th to be a defimte correlation between tbe mtensitr of 

Beep , reaction m the adrenal medulla and the cestrous cycle 

itpo= by Stockard and Papanicolaou® have made 

Etaep^n ^gmal smears, to determme precisely what 

It ^ j annual has reached Using this method 

Post-fEKfm™^^^ satisfy oneself that m the late cestrous and eatlv 
, ^ stages there is a very marked reduction, amounting some- 

^ mresrtigatian a grant lias Wn made br the Gorem- 
Mr R. g, Pittman Soaetv Much valuable ass^ance has been rendered 

* 13 1925. (In the Press.) 

Joum.Anai.22,^225 1917 
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times to practical disappearance, of the chromaplul reaction of tie 
adrenal medulla Tie stage referred to is that in wbioh large numbers 
of comified epithehal cells can be recognised m the preparation 


Iiactic acid and rigor mortis in fish muscle 
By A D Eitohie 

Tie lactic acid content of tie musde of three species of Gadidie before, 
during, and after ngor mortis are given below The fish were caught in 
the St Croix Estuary, New Brunswick, or in that neighbourhood during 
June to September 1926, except for two of the Cod caught off Halifax, 
N S , in May 1926 

LacOo add p o 


Before ngor During ngor After ngor 


Bish 

r — 

Mean 

Extremes 

f 

Mean 

Ertnunes 

1 

Mean 

ExtreiDES 

Haddock 

Melanogrammua ceghfinua 

0-15 

(11) 

011-017 

0 26 
(10) 

0-22-0 35 

0 29 
(0) 

024-0 41 

Cod 

Qadut callanas 

0-08 

(2) 

0 08-0 09 

0 12 
(6) 

010-015 

010 

(5) 

011-031 

Hake 

UrophyM chusa or tenuta 

0 05 
(2) 

0 04-0 07 

— 

— 

000 

(7) 

0 00-0-09 


Tie figures m brackets are the number of expenments performed 
The estimations were made by weighing tie lactic acid as zinc lactate 
Tie variations within each species are probably not due to age or size 
differences, as tie haddock are at least as vanable as the others but 
appeared to be all of one school spawned in 1920 and were fairly uniform 
m size The figures for lactic acid before ngor do nob represent the 
resting minimum, which is about 0 08 p c or less for haddock 

Tie differences between the three species correspond to the usual 
notion of their muscular activity The haddock is most active, the hake 
least 

In muscles which had passed out of rigor, very little more lactic 
acid could be obtained by chopping with chloroform or keeping for some 
hours at about 30° C or even by keeping tie chopped muscle in alkaline 
phosphate solution This suggests that the lactic acid maximum in these 
fish, unlike the frog, is due to approximate exhaustion of the glycogen 
A rough estimation of glycogen m a haddock, confirmed the cuggestion 
muscle containing 0 17 p c lactic acid contained also 0 16p c of gl>- 
cogen, (CeSj^0e}„, aUowmg 0 33 p c for the lactic acid maximum 
In all these fishes ngor passes off within 12 hours after dcat i a 
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room temperatttce m. the neighbourhood of 20° C Confirming the sug- 
gestion made many rears ago br Halliburton, the passing off of ngor 
■^ras found to be accompamed by hrdrolvsis of the muscle protems 
The free ammo groups m the rrhole muscle substance were estimated 
by Sorensen’s Tormol Titration method The method is very rough 
but the changes found were well outside the experimental error In 
four different haddock the mean value for ammo mtrogen was eqm- 
valent to 7 9 c c of normal alkali per 100 gms at the beginning of rigor 
The value mcreased gradually from the time when ngor was maximal 
or a little earlier and reached 10 2 c c by the time it had passed off 
That this effect is due to protem ammo groups and not to ammoma or 
ony other soluble base was shown bv titratmg alcohol extracts (80 p c 
alcohol) m a similar way IVith haddock musde the change is not more 
than 0 1 c c per 100 gms , the total titre of the alcohol extract bemg 
about 0-2 c c This result may be contrasted with the figures for alco- 
hohc extracts of skate muscle, m which ammoma is produced post 
niortem, Inaskate (fiaja i?(idtat<i)the titreof the 80 p c alcohol extract 
rose from 33cc to53cc m21 hours 
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On the siu-vlval of striped mammalian muscles By A. Hemingway 
and R J S M^Dowall, King’s College, London {Preliminary 
communication ) 

In 1913, one us (R J S M®D) described certain striped muscles 
of the hedgehog which were capable of survival for long periods and 
which contracted even at 0°C It has now been found that under certain 
circumstances the ordinary skeletal muscle of mammals can be made 
to survive for long penods at ordmary temperature Ordinanly such 
muscle, even if kept at body temperature and well supplied with oxygen, 
dies mthin an hour or so 

The method of preparation consists of anaesthetising the animal, 
eg with chloralose, and injecting intravenously saturated sodium bicar- 
bonate solution In the case of an average cat, 20-30 c c may be injected 
2-4 c c at a time at intenmls of 10 minutes The animal is subjected 
to temporary asphyxia from time to time by closing the trachea and 
after 2-3 hours is bled to death 

Preparations of stnped muscle taken from an animal so treated will 
survive if kept stretched m a moist chamber for 24 hours at ordinnrj 
room temperature and for at least 48 hours if kept in ice The prepara- 
tions maj be used instead of frog’s muscle for ordinary class nork and 
are extremelj^ sensitive to changes of temperature 

It has also been found that even if alkali be not injected the tissues 
of an animal so prepared survive for manj hours 
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The spleen and the resistance of red cells By D Orahovats 
{Prehnunarx} note ) 

1 The red cells contained in the spleen pulp are ^ 

hypotonic salt solutions than the red cells from the general circulation. 
The foUomng data are the average of evpenments 

StTCagth of Balt sohhon 
Peroentew f Gtnml \ 
cf wrpnidea larcnlaban ) 
temolyiod lSple«ii pulp 

On the other hand the red cells of the spleen pnip are more resistant 

to saponin than those of the general circulation 


68 

0 

0 


61 

0 

15 3 


60 

5 

30 0 


56 
12 5 

57 5 


o2 

10 

79 


IS 
80 5 
92 


11 

90 

96 


10 

915 

100 


36 

98 

100 


Strength of eaponm (parts in 10,000) 01 1 3 gg jOq 

PWcentage of ) General circulation 3 lo gg gg gg 

corpnsoles hffiiuoljiedl Spleen pulp 0 O w 


13 

100 

100 


2 The nrohahle interpretation of the above phenomena m the light 
of the tvorh of Kytvosch(il is that the erythrocytes of the ap een vvo 
neld, on aahmg, a less amount of phosphate than those o t e gene 


circulation 

3 The disparity m resistance between tbe cells of tbe spleen and 
those of the general circulation does not appear to be connecte wr 
the length of time dunng which the cells have been m tbe sp ^n pu p , 
It IS as great for cells taken from tbe pulp immediately after t e sp een 
has contracted and refilled as it is if the spleen has not emptied itseH 
for a long time 

i The statement of Pearce, Krumbhaar and Frazier(2), that 
the resistance of erythrocytes taken from the general circulation of 
animals recentlj splenectomsed, is abnormally great has been confirmed 


(1) PvTroBch Pflogers Archiv 116 229 1907 

(2) P M Pearce, Krumbhaar and Frazier The spleen and anaemia. 
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Impulses from a siug^le sensory end-org-an By E D Adrian and 

Y ZoTTEBMAN 

A paper by one of us in the current number of this Jownal gives 
records of the action currents set up in sensoiy nerve fibres i\hen the 
end-organs are stimulated, but the interpretation of these records is 
difiBcult because the number of fibres m action is unknown We have 
now succeeded in recording the afferent impulses from preparations 
containing only a limited number of sensory fibres and in manj" of 
these it IS possible to detect the impulses set up in a single fibre The 
preparation used was the sterno-cutaneous muscle of the frog The nen e 
to this muscle contains about 15-20 nene fibres and there is at lea*-! 
one muscle spindle When the muscle is stretched, the nerve shm\s a 
senes of electnc responses occurring rather irregularly at a frequenei 
of 100 a second or more Successive strips of the muscle are non cut 
away in order to reduce the number of end-organs m action, and aith 
each section the frequency of the responses becomes smaller and signs 
of definite rhythms appear Finally the records show one regular senes 
of responses, or two or three regular senes of slightly difiTerent period 
We take each of these regular senes to represent the impulses set up 
by a single end-organ The frequency of the senes ranges from about 
10 to 50 per sec , increasing as the stimulus is increased The magnitude 
of the responses lemains the same whatever the stimulus By recording 
the fi:«quencies with stimiib of different stiength it is possible to con- 
struct a ‘ recovery curve ’ for the end-organ It appears to have the same 
form as the recovery curve of a nerve fibre, but the rate of recoveiy is 
about 5 to 10 times as long The regular discharge of impulses with a 
constant stimulus we asenbe to the relatn ely slow rate of adaptation of 
the end-organ compared with the rapid rate of adaptation m a nene 
fibre vhich prevents a constant stimulus from setting up more than one 
impulse The adaptation of the end-organ has been measured bi i anous 
methods A full report mil be published shortly 


The sensitising action of alkalies By A HEViNG'VAt, 
King’s College, London 

Experiments have been performed in which the effect of mpid 
transient changes of hydrogen ion concentration have been nm c m 
the fluid perfused through the hind limbs of cats The perfusing ui 
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was Emger’s solution, but inthout NaHCO, and adjusted to a Ph of 

7 3-7 5 

A rapid change of Ph to the alkaline side by the addition of 

^ NaOH or saturated XaHCO, giies nse to momentary vaso-con- 

stnction, and the reaction becomes increased vuth each succeeding 
change of alkalmity 

Simultaneously inth this there is an increasing reaction to drugs 
The effect is apparently due to the OH’ ion, smce it maj be brought 
about by KOH with the same facility as mth NaOH 

Oxygenation of the solution and the duration of the expenment do 
not influence the onset of the reaction 

Similar results ha\e been obtained on perfusing the pulmonaiy 
vessels and more recently on the isolated uterus 


The spleen as a reservoir for blood and hsmoglobin 

By K W H CnuicitSHANK 

® ^fcroft and others(i) have shown by models from X-raj photographs 
hl^ spleen contracts when the ammal is exercised, asphyxiated or 
bj ’ virtue of this contraction supplies a defimte amount of 

to the general circulation I have corroborated this by measuring 
amount of blood expelled upon contraction of the spleen, 
farther determined to what extent the spleen tends to con- 
^ te the blood which it holds In carrying out these experiments it 
^ essential that the spleen should be retamed unexposed m its normal 

^ operative procedure which exposed 
an/ ^ axis and the junction of the splemc, supenor mesentenc 
pend^'^v blood supply of the organ was temporarily sus- 

htted ' 1 ^ ®P^anchmc fibres accompanying the splemc artery stimu- 
^ wit a weak faradic current, and the blood issumg fimm the vein 
the rat ^ a 10 C.C microburette. By means of a Jaquet clock 
fletem^ ^ contraction, of the spleen was 

mined hmmoglobm content of the blood per ac was deter- 
thp °’ametncally and at the end of the experiment the weight of 
^“"tracted spleen was taken 

The arrived at are as follows 

'‘P to tw?^ ^ reseraoir for blood smce it can m contraction expel 
ce 1 s p it weight of blood the amount of blood added to the 
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Impulses from a single sensory end-organ By E D Adbian and 

Y ZoTTERHUN 

A paper by one of us in tbe current number of this Journal gives 
records of the action currents set up in sensory nerve fibres when tbe 
end-organs are stimulated, but the interpretation of these records is 
diflScuIt because the number of fibres in action is unknown We have 
now succeeded in recordmg the afferent impulses from preparations 
contaiiung only a limited number of sensory fibres and m many of 
these it IS possible to detect the impulses set up m a smgle fibre The 
preparation used was the stei no-cutaneous muscle of the frog The nerve 
to this muscle contains about 15-20 nene fibres and there is at least 
one muscle spindle When the muscle is stretched, the nerve shows a 
series of electnc responses occurring rather irregularl}' at a frequency 
of 100 a second or more Successive strips of the muscle aie now cut 
away in order to reduce the number of end-organs m action, and with 
each section the frequency of the responses becomes smaller and signs 
of definite rhythms appear Fmally the records show one regular senes 
of responses, or two or three regular series of shghtly different penod 
We take each of these regular senes to represent the impulses set up 
by a smgle end-organ The frequency of the senes ranges from about 
10 to 50 per sec , mcreasing as the stimulus is increased The magnitude 
of the responses i-emains the same whatever the stimulus By recordmg 
the frequencies with stimuli of different strength it is possible to con- 
struct a ‘ recover}'’ curve ' for tbe end-organ It appears to have the same 
form as the recovery curve of a nerve fibre, but the rate of recoveiy is 
about 5 to 10 times as long The regular discharge of impulses with a 
constant stimulus we ascribe to the relatively slow rate of adaptation of 
the end-organ compared with the rapid rate of adaptation in a nene 
fibre which prevents a constant stimulus from settmg up more than one 
impulse The adaptation of the end-organ has been measured by various 
methods A full report wall be pubhshed shortly 


The sensitising action of alkalies By A. Hemingwai , 
King’s College, London 

Experiments have been performed in which the effect of rapid 
transient changes of hydrogen ion concentration have been ma e m 
the fluid perfused through the hind limbs of cats The perfusmg u' 
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iras Emger’s solution, but inthout NaHCO, and adjusted to a Ph of 
7 3-7 5 

A rapid change of Pg to the alkaline side by the addition of 

XaOH or saturated NaHCO, gives nse to momentary vaso-con- 

stnction, and the reaction becomes increased mth each succeeding 
change of alkalmity 

Simultaneously vuth this there is an increasing reaction to drugs 
The effect is apparent!} due to the OH' ion, smce it maj be brought 
about by KOH with the same facility as with NaOH 

Oiygenation of the solution and the duration of the expenment do 
not influence the onset of the reaction 

Similar results have been obtained on perfusing the pulmonarj- 
vessels and more recently on the isolated uterus 


The spleen as a reservoir for blood and heemoglobln 
Bv E. W H CRtriCBCSHAVK 

, ®^^°^°^^®Qdothers(i) have shown by models from X-raj photographs 
hlmt contracts when the animal is exercised, asphyxiated or 

bl ^ virtue of this contraction supplies a defimte amount of 

to the general circulation I have corroborated this by measuring 
accurately the amount of blood expelled upon contraction of the spleen, 
ve further deterramed to what extent the spleen tends to con- 
^®trate the blood which it holds In carrying out these experiments it 
essential that the spleen should be retained xmexposed m its normal 
onl done by an operative procedure which exposed 

and" ^ axis and the junction of the splemc, supenor mesenteric 
pend^^v, blood supply of the organ was temporarily sus- 

lated ' ft ^ fibres accompanying the splemc arteiy stimu- 

was ^ ^ vreak faradic current, and the blood issmng from the vein 

the rate^f^*^ in a 10 c c microburette. By means of a Jaquet clock 
'teterm ^ contraction, of the spleen was 

mined hsemoglobm content of the blood per c,c w as deter- 

the ’^^^^tncally and at the end of the experiment the weight of 
contracted spleen u as taken 

The at are as follows 

'^P to tu^ ^ ^ vesenoir for blood since it can m contraction expel 
ce 1 3 p 51 . weight of blood the amount of blood added to the 
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general circulation vanes from 2 to 6 p c of the total blood volume of 
the animal 

In actmg as a reservoir for blood, the spleen incidently is a reservoir 
for haemoglobm, but stnctly its action m this respect is limited The 
degree to which it acts as a storehouse for hjemoglobin is measured by 
the extent to which it can concentrate the large amounts of blood which 
it IS capable of holdmg This concentration is maximal about the third 
c t expelled and here only does it amount to a 40 p c increase For the 
whole amount of blood expelled upon contraction, the increase m hiemo- 
globin over and above the normal content per c c of blood amounts to 
not more than that amount of haemoglobm which is contamed m 1 or 
at most 2 ac. of the blood of the ammal under observation 

By means of the method employed, a curve of the contraction of the 
spleen can be obtamed the velocity of contraction of the organ is 
maximal during the expulsion of the first 5 cc of blood, after which it 
steadily decreases The period for the spleen to attam maximal con- 
traction may be of the order of 5 to 10 minutes 

(1) Baroroft, Hams, Orahovatfl and WeiBS. Joaiu Phyaol 60 443 1926 


The effect of breathing carbon dioxide on muscular exercise in 

man By A E CuAHK-KEtTNEDY, H N Bkadbbooke and T Owen 

The circulation is usually looked upon as the important factor m the 
bmitation of muscular effort Thus A V Hill(i) has attnbuted this to 
accumulation of lactate when the maximum circulatory rate fails to meet 
the demand for Og supply, COj output was not considered But severe 
exercise does not lead to the venous congestion that characterises heart 
failure, suggestmg that the normal heart as opposed to the diseased can 
always cope with the venous return Also, vital capacity is reduced m 
compensated heart disease, and Peabody(2) has here attnbuted the 
limitation of effort to diminished capacity to breathe Clmioally we have 
come to regard the respiratory mechanism rather than the circulation, 
and COg elimination rather than Og mtake, to be the important hmitmg 
factors m muscular effort Reduction m vital capacity would then nu 
the work done, and so keep the venous return withm the reduced capaci y 
of cardiac output, congestive failure only supervemng when the hm 
of this protective reaction were reached Thus could be exp ame e 
difference between physiological exhaustion and heart failure, an o 
between compensated and decompensated heart disease 
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Fig 1 shows semi-diagramiuatically the respiratory escliange dunng 
standing running at four drSerent rates At the two highest, the steady 
state had been passed, and the On intake was maximal but the CO, 
output and pulmonary ventilation contmued to nse The R Q suggests 
nse of ch due to accumulation of lactate The nse m the percentage CO, 
o^es suggests mcreased HgCOg and BHCO 3 content of the blood at the 
gmumg of exercise, and their subsequent fall decreased H2CO3 and 
HCOj content due to accumulation of lactate The pulmonary ventila- 
tion has then to nse to keep the output of CO2 constant CJonsequently 



inspired air and the alveolar 0, 
dnr, maximum at complete fatigue Therefore" 

a gtei cT" J^'^ate, (a) by raismg ch dLands 

necessitaw ^ P^^entage of CO3 m the alveolar ai^, 

qurnhty On thTofb 

oxidatim rS b ^ alveolar 0^ tension must favour 

oindation of hamoglobm. and nsmg its reduction m the tissues ^ 
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therefore, studied the effect of breathing 5 p c COj and found that it 
causes retention of COg during work, but reduces the maxunum 0^ intake 
only 10 p c or so, and probably hmits the maxunum O2 debt that can be 
incurred 

Rise of ch is probably Important m causmg the subjective distress 
which hmits voluntary effort We suggest that the limi ts of the steady 
state, and the size of the maximum 0^ debt, are deter min ed by an equih- 
bnum between O3 mtake and CO2 output, dependent upon the partition 
of available base between the two acids, lactic and carbomc High Oj 
tensions, by shghtly mcreasmg, and low by decreasmg the saturation of 
the blood, shift the eq^uihbnum by respectively delaymg and acceleratmg 
the accumulation of lactate The former by favourmg COj ehmmation 
lowers Cja and this allows a greater O2 mtake per mmute and for the same 
hmitmg nse of cg a larger debt The latter by hmdermg CO2 ehmmation 
raises and thus only permits a smaller O2 mtake per mmute, and for 
the same hmitmg nse of cg; a smaller debt Such a theory makes the 
lungs an important factor m the hmitation of effort, but demands that 
the rate of removal of lactic acid at constant O2 pressure falls off with 
rise of Ch 

(1) Hill, Long and Lupton Proc Roy Soa B 97 p 155 1924. 

(2) Peabody and Wentworth Aroh. Int. Med. 20 p 443 1917 
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The influence of the vagus on sugar tolerance 
By G A Clabk 

The nght vagus has been shown to contain secretory fibres to the 
islets of lMgerhans(i.2,3,4) After section of the nght vagus m the 
necI, no alteration in glucose tolerance was apparent when 1 gtn. of 
glucose per kilo m 10 p c solution was injected intravenously m the 
i^hhit as descnbed in an earlier paper(3) In further experiments, how- 
ever, a defimte increase in glucose tolerance has been found w hich lasts 
for 2-3 months after vagotomy , in these experiments four intravenous 
lujections of 1 gm of glucose per kilo were given at two-hourly intervals 
and the blood-sugar estimated every half hour after the last mjection 
The blood-sugar curve of the normal ammal shoi\ s a defimte lag under 



ese conditions (Fig 1), while that of the animal after vagotomy returns 
a rnptly to the onginal level (Fig 3) The imtial sugar values appear 
’g because the hyperglycsemia due to the third mjection has not 
ai ed at the time of determmation In all cases the vagus was cut 
j ongin of the cardiac branches Section of the recurrent 

^geal branch alone m two experiments did not cause mcreased 
erance (Fig 2), this appeared on subsequent section of the vagus 
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trunk About three months after vagotomy a second phase appears in 
which the blood-sugar curve following a single injection of 1 gm of 
glucose per kilo shows a definite lag, which is still apparent in vaiying 
degree 10 months after the operation, indicating a sugar tolerance less 
than normal 

(1) de CorraL Zeitaohr f. BioL 68 396 1918 

(2) M°Coriniok, Maoleod and O’Brien. Trans Roy Soo Can. 17 67 1923 

(3) Clart. This Joum. 69 468 1926 

(4) Britton. Amer Joum Phyaiol 74. 291 1925 


An Improved method of artificial respiration By Ernest 
H Starling, University College, London 

In the ordinary method of aitificial respiration there is a side 
opening to the tracheal tube, thinugh which part of the air escapes 
dunng inflation, and the air from the lungs is allowed to escape betii een 
each stroke of the pump This method is wasteful of power and of any 



volatile anaisthetic employed, and rapidly eahaoste any 

gaseous mixture irhicli It is desirad to admimster To remsdy these 

towbaoke double actiug pumps irith too oyUndeis and , 

been devised by Meyer and by Schuster Theses e™n ">■“ 

made, fail to secure equality of mput and output as 

differences anse m the resistances to the thrust 

pump, so that the lungs tend to become method 

deflated and suffer in consequence I have found that J 

to use a smgle cj linder pump w ith solid e a 

in the course of the inlet and outlet tubes, so that the g 
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constant adjustable volume of air at each thrust of the pump and ai e 
then allowed to deflate by their own elasticity The arrangement of the 
pump and valves is shown in the accompanpng diagram The cycle of 
operation is as follows On the dowmward stroke of the piston, P, the 
cyhnder, G, is opened to the air via P* and ji' XVhen the piston, P , 
reaches the bottom of its stroke, the valve, Fh has turned sufBcienth 
to cut off G from and immediately connect it to the tube, Upon 
the upward stroke of the piston air is forced from C back through F' to 
the lungs by the tube £*, L', thus inflatmg the lungs During the 
downward stroke of the piston, F- opens and the lungs become deflated 
by their own elasticity via L', F* and The valves are actually 
cut in the axial shaft of the dnnng cone, K 

With this arrangement the lungs remain m perfect condition 
throughout expenments lastmg four or five hours The pump serves 
for the economical administration of gaseous mixtures from a bag or 
reservoir On the other hand, a small Elrogh spirometer can be placed 
m the coarse of the expiratory tube and connected also with the inlet 
of the pump By this means workmg on a closed circuit we may record 
graphically the actual consumption of oxygen by the animal under 
artificial respiration, or by a heart-lung preparation. 

The pump is made by C F Palmer & Co It is more compact and 
considerably cheaper than a two cylinder pump it is driven easily by 
ofjh.p motor 
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tnink About three months after vagotomy a second phase appears in 
ivhich the blood-sugar curve following a single injection of 1 gm of 
glucose per kilo shows a definite lag, which is still apparent in vaiymg 
degree 10 months after the operation, indicating a sugar tolerance less 
than normal 

(1) de CorraL Zeitsohr 1 BioL 68 395 1918 

(2) MoCormiok, Maoleod and O’Brien. Trana Boy Soc Can. 17 57 1923 

(3) Clark Tbjs Jonm. G9 466 1925 

(4) Britton. Amer Joum. Physiol 74. 291 1925 

An Improved method of artificial respiration By Bksest 
H Starling, Umversity College, London 

In the ordinary method of artificial respiration there is a side 
opening to the tracheal tube, through which part of the air escapes 
during inflation, and the air from the lungs is allowed to escape het« een 
each stroke of the pump This method is wasteful of power and of any 



volatile antesthetio employed, and rapidly exhausts any reservoir of a 
gaseous mixture which it is desired to admimster To remedj these 
drawbacks double acting pumps with two cylinders and lalves hftie 
been devised by Meyer and by Schuster These, even w hen accuratel} 
made, fail to secure equality of mput and output as soon as anv 
differences arise in the resistances to the thrust and eihaust of t e 
pump, so that the lungs tend to become either over-distended or oier- 
deflated and suffer m consequence I have found that the best metho 
IS to use a single cyhnder pump inth solid piston and to introduce vn ves 
in the course of the inlet and outlet tubes, so that the lungs rccene a 
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constant adjustable volume of air at each thrust of the pump and are 
then allow^ to deflate by their oim elasticity The arrangement of the 
pump and valves is shovm in the accompanying diagram The cycle of 
operation is as foUoivs On the doivnivard stroke of the piston, P, the 
cylinder, G, is opened to the air via and J.* ^Vhen the piston, P, 
reaches the bottom of its stroke, the valve, F*, has turned sufficient!} 
to cut OS’ C from and immediately connect it to the tube, i* Upon 
the upward stroke of the piston air is forced from G back through 1'* to 
the lungs by the tube I?, L-, thus inflating the lungs During the 
downvrard stroke of the piston, F= opens and the lungs become deflated 
by then- own elasticity via Z’, F- and J.- The valves are actually 
cut in the axial shaft of the dnvmg cone, K 

With this arrangement the lungs remam in perfect condition 
throughout experiments lastmg four or five hours The pump serves 
for the economical administration of gaseous mixtures from a bag or 
reservoir On the other hand, a small Krogh spirometer can be placed 
m the course of the expiratory tube and connected also witb tbe mlet 
of the pump By this means working on a closed circmt we may record 
graphically the actual consumption of oxygen by the ammal under 
artificial respiration, or bv a heart-lung preparatiotu 

The pump is made by C F Palmer & Co It is more compact and 
considerably cheaper than a two cylmder pump it is driven easily br 
u f;hp motor 




PROCEEDlNQr 


OF THE 

PHYSIOLOGICAL SOCIETY, 

Fehrimry 20, 1926 

The guses of unne and bile By G A. Buckiiasteb 
and H R B HiCKiiAN 

Compatatively little mformation exists concerning the gas-content 
of the hc^mds of the body other than blood 

The only values knoivn to us are those given by Zuntz (1SS2), 
A Loewy (1911) and ISTeuberg (1911) 

Analyses have been made of the gas-content of absolutely fresh unne 
and warm bde 

Without commg m contact with the air, the hqmd was mtroduced 
into a tapless blood pump(i), which was of high efficiency, the last traces 
of air bemg removed with cocoa-nut charcoal kept at a low temperature 
Owmg to shght diSerences m procedure, about 40 experiments have 
been arranged m senes, from which the followmg short table which only 
gives data as to the gas-content has been abstracted 



Total gas 
evolyed 
in c 0 

C.C of 

gas ID 100 c c. 

^ T P 

c c. 

CO. 

0. 


85 00 

12 85 

12 67 

0 22 

1 00 

Vb 50 

22 73 

24 9’ 

0 89 

1 95 

174 os 

20 43 

9 72 

0 59 

0 64 

174 08 

22 93 

10 94 

009 

1 10 

174 08 

24 08 

11 21 

0 10 

103 

174 OS 

13 93 

644 

0 24 

090 

174 08 

14 35 

6 08 

0 29 

084 

174-08 

17 25 

703 

0 28 

142 

174 OS 

29 40 

13 96 

0 25 

1 53 

103 15 

5 70 

3 

0 63 

084 

17408 

12 95 

5 12 

033 

1 52 

174 08 

10 95 

4 28 

046 

1 13 

174*03 

12 70 

5 39 

0 23 

1 03 

109 00 
9300 

645 

4 17 

0 39 

1 04 

6 55 

4 26 

0 28 

126 


The object of the experiments was to ascertam the oxygen content 
o unne an e, for if these hqmds, as is apparently the case, hold this gas 
“ then the ten.4n of o^gen m.; ereeerthat 


b 
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(1) Buokmaster and Gardner Jonm. PhyaioL 43 401 1012 

effects of temperature and of drugs on the 

and A t? arteries By B W H Cbuiokshank 

d Subba Rau [Prehminary commumcatton ) 

fewipera^Mre on the coronary and systemic 
hn^ 7^® coronary artery is relaxed when removed horn the 

nf- ah by a steady contraction which begins 

out 18 C and reaches a maximum at 37 6“ C With the systemic 

nf 7 7 ^land the response is one of contraction beginning 

Hf ^i7 1 , 1 ’ stopping at 27° 0 , afterwards the artery relaxes 

a^y while the temperature is raised to 37 5° C , and ultimately 
reaches a pomt beneath the onginal base Ime 

The effect of adrenaline Adrenalme causes a definite relaxation of the 
coronary artery , thus mdicatmg that the inhibitory mechanism in the 
coronary is controlled by the sympathetic system The effect of adrena 
me on ergotoxuused systemic artenes depends on the dose of adrena- 
e, if small, a reversal will be obtained, if large, ergotoxm will be 
antagonised and a contraction will result There seems to be in the coro- 
nary arteries a defimte antagonism between the action of heat on the 
motor nerve endmgs, and that of adrenalme on the inhibitory nerve 
endmgs 

The effect of ergotoxin Ergotoxm stimulates and then paralyses the 
motor mechamsm of the systemic artery On the coronary it acts m 
a similar manner, first causmg a small contraction, followed by a marked 
relaxation the subsequent addition of adrenahne will now cause the 
artery to relax further Ergotoxm evidently acts upon that mechamsm 
which IS stimulated by heat, i e the motor or parasympathetic system 
These experiments would mdicate that the coronary artenes are 
supphed with both sympathetic and parasympathetic fibres, the former 
controUmg the dilator or inhibitory mechanism, the latter the con- 
strictor or motor mechamsm 

The human coronary artery Emgs taken from the human coronary 
artery react to temperature and adrenalme m a manner sunilar to that 
described for the coronaries of the ox and dog 
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A class experiment to demonstrate the effect of load on the frog 
heart ByL S Hobbs, B I HYnERandB J S McDowabl (King’s 
College, London) 

The effect of load on the frog heart may very simply be shown by 
attaching to an ordinary frog heart lever a paper cone made watertight 
by dipping m molten paraffin, and by the addition and removal of water 
with a pipette various loads may be apphed without any disturbance to 
the heart beat It may be shown that mthm hmits the heart responds 
to an mcreased load by an mcreased response accordmg to the law of 
the heart It may also be shown that if the heart be slowed by vagal 
stimulation a vagus escape may be brought about by an increased 
external load, an analogous condition to that found m mammals where 
the mcreased tension m the nght auricle bnngs about vagus escape 

The relation of the vagus to respiration 

By R J S McDowalb (King’s College, London) 

It is well known that the classical slowing and deepening of respira- 
tion when the i agi are cut are frequently not obtamed This has been 
shown to be due to the state of the respiratory centre obtaining at the 
time of the section Carbon dioxide, lactic acid, small doses of adrenaline 
(^ mg repeated) and sensory stimulation affect the respiratory centre 
to cause a reduction or disappearance of the effect of the vagus Rest 
alkahes and ergotoxme, on the other hand, Increase the effect of the 
vagus section, mdeed the section may brmg about complete cessation 
of respiration These effects may be seen in a chloralosed animal and 
compared by blocking the vagi with a constant current if care is taken 
to avoid too severe asphyxia, too large doses of adrenahne and the 
immediate stimulating action of sodium bicarbonate The results suggest 
very strongly when taken together with the effect of those procedures 
m the pupil and heart rate, the control of respiration through the 
sympathetic-parasympathetic balance 

A convenient method of decerebration 

ByR J S McDowali, (Kmg’s College, London) 

The method consists m sawmg through the skull from the angle of 
the ]aw and at a right angle to the lower rami with an ordmary hack-saw 
The hne of the brain section is behmd the optic thalami and the tins of 
the occipital lobes are severed from the cerebral hemispheres The ^ual 
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measures descnbed by Sherrington to prevent haemorrhage are taken 
The advantages of the method are that the operation may be earned 
out with the animal on the ordinary table, there is little or no shock, 
and mterference with breathing is exceptional, while compared with the 
trephining operation there is no doubt as to the complete ablation of 
the cerebrum as the actual point of section is seen 


The formation and permanence of colourless crystals of 
hsmoglobin of guinea-pig and rat By D Fraser Harris 

About 25 years ago I prepared some crystals of heemoglobm from 
guinea-pig’s blood by the method of Stem which consists merely m 
stirring some blood into some Canada balsam The blood is not defibnn- 
ated or laked The mixture is “messy”, but usually withm a few 
minutes well-formed crystals of hsemoglobm appear and are remarkably 
permanent 

It was easy to obtam beautiful tetraheda from the gmnes-pig, an 
hexagons as well as acicular crystals from the rat 

In the preparation demonstrated I noticed that wathm a week or 
two, some of the crystals while retaining their sharp outhne had become 
perfectly white, m which state they have ever since remamed 

In the case of the rat I have seen colourless crystals form de novo 

from the defibnnated, laked blood 

What exactly is this white substance^ It is not reduced oemo 

globm, for that is stiU coloured 

“Bleached hsemoglobm” is, as far as I know, not any substance 
recognised by biochemists Agam, why should only some of the crys a 

have become white ^ . 

The bleaching — whatever that is — is not a matter of agemg or m 
of the tetraheda of the guinea-pig’a blood and all the hexagons o e 
rath blood, prepared 26 y®-* ® 

S^me years ago I wrote to Nature asking for 
the naturJof the white crystals, I received 
to the effect that the crystals were bdirubm But bilmi 
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A blood velocity recorder By I de Bdbgh Daly 

The side tubes from, a Venturi meter or from a Pitot tube {A) are 
connected to a specially constructed differential manometer consistmg 
of two ebomte cups {B, G), the edges of irhich fit accurately against one 
another (d, d') The surfaces of two thin sheets of rubber are stuck 
together with rubber solution and a coil of wire (e, e') is enclosed betiveen 



them, this double membrane is clamped between the edges of the cups 
so that two separate chambers are formed The edges of the cups fit 
together m such a way that when they ate fixed together the double 
membrane is slightly and evenly stretched The ends of the coil (e, e') 
arc brought to the outside and are not damaged by the clampmg 
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Stop-cocks {g, g') are fitted to facilitate the filling of the apparatus The 
iron core of a solenoid [F) projects a short distance into the interior of 
one of the cups Variations of blood velocity in the Venturi meter or 
Pitot tube cause a difference m the pressures on each side of the double 
membrane thereby altermg the distance between the cod (e, e') and the 
solenoid An alternating current apphed to the solenoid will induce a 
current in the cod (e, e') which may be rectified by a “firm contact” 
crystal (ff) and then measured on a smtable galvanometer (ff) When 
the pressures m each chamber of the manometer are equal to one 
another, the galvanometer shows a deflection which is brought back 
to zero by means of a compensatmg battery (I) and a resistance (E) 
It IS convenient to connect the side tubes of the Venturi meter or Pitot 
tube so that an mcrease in blood velocity causes an mcrease m the 
current through the galvanometer Variations in blood velocity of 20 c c 
per mmute may be detected when a sensitive galvanometer is employed 
Tests made by connectmg the Venturi meter to a water tank, and 
measurmg the outflow and the deflection of the galvanometer, show that 
the mstrument, when cahbrated, may be used for the quantitative 
estimation of blood flow The solenoid F was not specially mode for 
the apparatus and consisted of one pound of 22 s w o , n c o on an iron 
core 9 cm long and 1 cm m diameter Cod e, e' was made up of 60 turns 
of 40 s w G (enamelled) wound on a 16 mm former The current throug 
the solenoid was 0 76 amp Two cahbration curves are shown m the 
graph, they were taken at an mterval of five days and suggest t at 
changes m the rubber membrane have taken place durmg this time 


The reaction between globln and brnmatin 

ByR Hill and H F Holden 

Globm has been prepared, soluble over the range ps 5-9 and free 

from hsematm and denatured globm 

It reacts at any pomt withm this range with added haimatm to form 

°^^*The o^hffimoglobm thence obtained is spectroscopically mdis- 

tmguishable from the origmal oxyhmmoglobin ’®^^\7^j®^Thcrc 

scopic observations necessitate the absence of denature g 

IS no evidence that this condition has previously ^ solution 

of hEemochromogen, free from hiemoglobm, m ddute alka , y 
JimmnglobiiL Oil neutralisation 
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Calcification in rabbits By Mat MELiiAXBT 
and Esther M Kiluck 

Since E Mellanby pubbslied m 191S (P//ys Proceedings, Jan 1918) 
a prebminary account of his espenmental irork on dogs, m which he 
showed that a fat-soluble vitamin played a dommant part in the 
ffitiology of rickets, the subject has been extensively studied in rats 
About two years ago, in the course of an investigation by one of us 
(JI M ) mto the problem of the development of dental tissues and the 
incidence of canes, an opportumty was afforded of studying the problems 
in rabbits The herbivorons habits of these animals made it possible to 
test also the calcifying properties of some green foods and root vege- 
tables 

In attempting to find a smtable basal diet the results were at first 
compheated by several cases of scurvy Lemon jmee was chosen mstead 
of white turnip as the standard antiscorbutic smee it was impossible to 
get white turmp contmuously Ammab fed on a daily ration of 4 parts 
of oats to 1 part of bran -b 6 c c of lemon jmee showed some signs of 
rickets Growth was, however, poor When 1 5 p c CaCOs was added 
to this diet, growth was much better, life was prolonged and bad rickets 
and defectively formed teeth usually resulted (16 cases out of 19) This 
would seem to be contrary to what might have been expected on the 
basis of the calcium-phosphorus ratio of the diet, the importance of 
which m the letiology of rickets has been so strongly emphasised by 
some workers The addition of the CaCOj brought this ratio nearer 
to the optimum said by some to prevent nckets m rats 

The improved growth brought about by the addition of CaCOg to 
the oats, bran and lemon jmee seemed to be largely responsible for the 
greater mtensity of the nckets The evidence m favour of this is that, 
when one rabbit had x grm of this mixture daily and another of the 
same fitter had 2x grm , the second grew well and developed nckets, 
whde the first grew very little and was practically normal It is therefore 
important m comparative expenmeuts to keep the rate of growth of 
the ammab the same 

Babbits fed on oats, bran, CaCO, and lemon jmee, without any other 
ingredient, lived up to seven months but did not develop canes although 
they had bad nckets Vanous additions to the diet were therefore made 
with the object of prolonging the fife of the ammab to see if canes 
developed under the expenmental conditions The calcifvmg properties 
of certain \ egetables were also tested ' ^ 
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Further results of the work were as follows 

(1) Grass added to oats, bran and CaCOs, given in sufScient 
quantity m spnng or summer, tended to prevent the development of 
defective bones and teeth m late summer and ivinter the addition of 
grass resulted in a peculiar osteoporotic condition Wmter glass, even 
in fairly large quantities, sometimes allowed both rickets and scurvy to 
develop 

(2) The addition of green cabbage to oats, bran and CaCOa, with or 
without lemon jiuce, seemed to improve the general health of the 
animals and allowed them to hve longer but did not prevent severe 
nckets and defectively calcified teeth from developing If the cabbage 
was boiled, nckets developed earlier and more severely even when the 
rate of growth was constant Radiated cabbage prevented or delayed 
the onset of nckets 

(3) White cabbage, white turnip and potato did not appear to assist 
calcification processes in any way 

(4) Dandehon leaves, carrot and swede turnip, although giving 
somewhat varying results, all had more calcifying action than cabbage 

(6) Both cod hver oil and egg yolk prevented defective calcification 
After about two months of diets m which these substances were included 
the rabbits lost weight This might be due to the mtolerance of rabbits 
for fats We are now usmg the unsapomfiable fraction of cod hver oil 
as the source of calcifymg vitamin 

(6) Exposure of rabbits on the basal diet to a mercury vapour lamp 
brought about great improvement m calcification 

The presence in foodstuffs of substances having specific harmful 
effects under certain conditions By Edward Mellanbv 

(1) A substance interfering with calcification 
Interference with calcification of bones has been demonstrated to be 
a special property of cereals (i) When puppies eat diets deficient in the 
calcifying vitamin, the calcification of the bones becomes worse, the 
greater the amount of cereal eaten There are also great differences 
among cereals themselves m their power to inhibit calcification p) 
Oatmeal, although contammg more calcium and phosphorus than other 
cereals tested, is the most potent, and white flour the least potent, in this 
respect Up to the present it has not been possible either to isolate or to 
gam any insight mto the nature of the substance responsible for this 
effect Some of its properties have been dealt with elsevherc Nev, 
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properties irbicb seem to establisli it as a definite entity are (1) if oatmeal 
IS boiled with 1 p c hiydrochlonc acid nnti! the starch is ha drolysed and 
the auxtare is then neutralised with soda, tlie substance interfering wath 
calcification is apparently destroyed (2) if oats are allowed to germinate 
for 1, 3 or 6 days (m each case after 2 days’ steeping) and then heated 
at 100° G for 18 hours, the power of the cereal to prevent bone calcifica- 
tion IS reduced Both germination and heat are necessary to get the best 
result, and the longer the tune of germination the less does the product 
interfere with calcium deposition For mstance, 6 davs’ germination 
and drying by heat results m a cereal product which is at least as good 
as and probably better tban white flour as regards bone formation Heat 
alone at 100° C has practically no destmctive effect and germination 
alone has but slight influence The same facts applv to barley and prob- 
ably other cereals Germinated and kdned barley is comparatively good 
as a cereal product from the point of view of bone formation and much 
better tban the ongmal barley These results suggest most strongly 
that a substance m cereals having a positive mterfexing effect on calci- 
fication of bone has been destroyed Oats heated with 1 p c sodium 
hydroxide for one hour still contam the substance 

(2) A substance interfering icith the nenous system 

A second type of specific harmful effect produced by diet is that m 
which severe nervous symptoms are produced In 1916 Hart, Miller 
and 3IacColInm(3) desenbed symptoms, not unlike those recorded for 
hen-ben, produced m pigs by diets containing wheat and wheat embrvo 
They said these were due to a tosne substance m the fat of wheat embryo 
If wheat germ is added to a diet deficient m fat-soluble vitamins to 
the extent of 10 p c of the cereal puppies often develop severe nervous 
symptoms after two or three months of the diet The symptoms may be 
so widespread that it is difficult to desenbe them. The most obvious is 
incoordmation 

The action is prevented by butter and cod bver oil and probably 
other sources of faysoluble vitamin It is also reduced m mtensity by 
the addition ot calcium carbonate to the diet Boilmg wheat germ for 
1 hour m 1 p c hydjochlonc acid also reduces the symptoms 

In my expenence the major nervous lesions are more central than 
those indicated by Hart, Miller and MacCollum, who desenbed 
changes only in the antenor lower cells and seemed to think that thev 
were dealing with a type of ben-ben 

A condition of sub-acute combmed degeneration of the spmal cord 
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may be produced m these auunals and can be seen by Marchis’ stain. 
The brams have not been examined yet for degenerative changes but the 
mtensity of the nervous symptoms suggests that these will be large The 
changes in the cord and the nervous symptoms are similar m many 
respects to those that develop in pellagra and ergotism and the expen 
mental results suggest that these pathological conditions are due m part 
to a similar toxic factor eaten under conditions which allow the specific 
nervous effect to be produced 

The above are two instances in which harmful effects are apparently 
produced by dietetic ingredients under certam conditions The effects 
of these substances are counteracted by fat-soluble vitamins and until 
their chemical composition is known might therefore be descnbed as 
“Toxanuns ” 

(1) B Mellanby Special Report Sonos, Medical Research Connoil Nos 01 and 03 

(2) E MolJanby Bnt. Med Jonm 1022, Nov 4 

(3) Hart, Miller and MaoCollnm. Jonm Biol Chem 26 230 1010 

On the colorimetric determination of hydrogen-ion concentra- 
tion By J H Shaxbt (Cardiff) and On wen M J ones 

1 In measunng the hydrogen-ion concentrations of solutions of 
sodium bicarbonate and of blood serum Dale and EvansP) found 
discrepancies between the values obtamed by electrometric and colon- 
metric methods The latter gave higher Ph’®> I'he difference being about 
0 2 They attributed these differences to catalytic action at the hydrogen 
electrode, other workers(2) have put forward other explanations, but a 
further possible source of error appears to he m the method of colon- 
metnc estimation by the matching of the tints of two columns of liquid 
of unequal depths 

In the Dale and Evans comparator 1 c c of the solution to be 
measured is placed in one tube of the instrument, with about 4 drops 
of Neutral Ked In the adjacent similar tube is put 1 c c of a standard 
phosphate solution, with the same amount of indicator A sufficient 
quantity of a second standard phosphate solution to give a match is 
then added to this tube, and the ps calculated usmg Sorensen’s data, 
from the relative amounts of the two standards The final depth of 
solution in the second tube was from 1 to 2^ times that m the first 

This method assumes the ngid appbcabihty of Beer’s Law, i e that 
the colour of a solution of given ps is independent of the depth o 
solution used, so long as the amount of indicator remains constant a 
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IS not so great as to influence the The increased depth is supposed 

to counterbalance the increased dilution 

3 It appeared desirable to test whether this is actually true in t c 
conditions of these ejrpenments 1 c c of a standard phosphate solution 
of pg 6 5 was placed in one cell of the comparator with 4 drops of 
Ifentral Eed, and H c c of the same m the other cell, likewise with 
4 drops of Neutral Red Similar tests were made with solutions of other 
Ph of varied depths In all cases the second cell showed the deeper 
pmk colour, tea greater absorption for the shorter wave-lengths S' or 
the extra depth corresponding to the extra 4 c c the difference m tmt 
was considerable, and increased with increase of difierence of depth up 
to about 3 c c with the solutions used Obtaining matches by addition 
of a second standard phosphate solution to the second cell, the apparent 
differences of pg proved to be about 0 1 or 0 2 using solutions of ps 6 ^ 
for the first fillmg, and of about 0 2 with solutions of 7 5 

Spectroscopic examination of the “matched” bquids showed in 
some cases that the apparent equality of tint was not exact, suggesting 
that the variation of tmt resulting from the unequal dilution and the 
failure of Beer’s Law is not precisely compensated by the pn variation 
due to the addition of a second standard phosphate 

While the factor discussed above may not be the whole cause of the 
discrepancies found by Dale and Evans, it is one which must be 
guarded against in all colonmetnc work m which columns of unequal 
depth are matched against one another The error can be avoided m the 
case considered by addmg more of the hquid under test to the first cell 
so that the depths m the two are approximately equal when a match is 
obtained The only methods which are completely free from objection 
m this respect are those in which the comparison chambers are of equal 
depths, as pomted out on general groimds by Stanford (3) 

(1) Dale and ETans. This Journal, 54 1C7 1920 
Evans. This Journal, 64 363 1920 

(2) Cullen and Hastings. Joum BiolChem 52 517 1922 
Warbnrg Bioohem- Jonm. 16 163 1922 
Cfaumbers. Joum. Biol Cbem 65 229 1923 

Conway Verney and Bayliss This Journal, 68 101 1023 

(3) Stanford. Zoits. physiol Cbem 87 169 1913 Biochem. Journ. 17 839 1923 
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Concerning the part played by the sinus caroticus in the central 
regulation of the circulation By E. A Nash (From the IiistitulR 
of Physiology and Biochemistry, University Oollege, London ) 

By means of the innervated heart-lung preparation it can be placed 
beyond doubt that a nse of blood-pressure m the head causes a slowing 
of the heart rate and a fall of blood-pressure in the body In a recent 
preliminary commumcation H E Hering has suggested that these 
effects are not due to a direct effect of blood-pressure upon the centres, 
but to a reflex ongmatmg ■within the smus caroticus, the afferent 
impulses bemg conducted along a small branch of the glossopharyngeal 
nerve Hering claims to have sho'wn that all effects of change of 
blood-pressure m the head disappear after section of the smus nerve, 
or after exclusion of the smus from the circulation It ■was thought 
mterestmg to test these conclusions ■with the use of the innervated 
heart-lung preparation Experiments were made m which the per- 
fusion of the bram was earned out either through the vertebral arteries, 
■with complete exclusion of the sinus caroticus on both sides, or through 
the internal carotid artenes well beyond the smuses In both casw 
the fact of exclusion of the sinuses from the circulation was verifie 
by subsequent dissection, and m both cases it was found that changes 
m the cerebral pressure exerted their usual defimte effects upon hear 
rate By means of cerebral perfusion m the w'hole ammal ivith exclusion 
of both smuses and with cut vagi it was found that a rise m the cer^ra 
blood-pressure still detornimed a fall of blood-pressure m the bo y i 
regard to Bering’s statement that pressure upon the smus caroticus 
produces a similar effect to rise m blood-pressure, lus results can e 
entirely corroborated However, the effects of changes of bloo p 
in the head must be considered to depend not only upon a reflex from tne 
sinus caroticus but also upon another more central effect 



PROCEEDINGS 


01 THE 

PHYSIOLOGrlGAL SOCIETY, 


May 16, 1926 


A laliour-saving device for tise in gas analysis 
By F A Dutfield 

The absorptioa of oxygen by pyrogallate solution in gas analyses is 
a lengthy process and in actual practice it is always a tedious under- 
taking Its conunou use m the investigation of physiological processes 
IS a reason for giving detads of a procedure whereby this disadvantage 



may be ehminated and for considering tbe method one of general 
interest A mechanical means of promoting the absorption of oxygen 
has been devised and since then it has been in constant use m the 
Physiological Laboratory m the 'University of LiverpooL 
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The apparatus consists of a metal crank a, 8 ms in diameter, and this 
13 attached by a bolt to a movmg adjustable arm b, the greatest length 
to which this 18 capable of extension is 36 ins The upper end of the arm 
IS similarly connected to a sliding block c and this is bored to admit the 
steel rod e The block c moves vertically up and down on the rod, the 
latter being kept well oded The crank is driven from its axle/ through 
a senes of pulleys by an electee motor not shown m the diagram When 
the motor is started the crank a rotates in the direction indicated by the 
arrows and consequently the block c moves up and down the actual 
extent of its movement is fixed by the length of the adjustable arm and 
this length may be mcreased or diminished after loosemng the thumb- 
screws ff The levelling tube of the Haldane apparatus is held by a clamp d 
firmly fix;ed to the block c The rate of the vertical movement of the 
levelling tube can be vaned by the inclusion of an adjustable resistance 
m the wirmg circmt of the motor The apparatus has been made by 
Mr C R Nisbett of this Department and m one instrument which he 
made bicycle chains and cog-wheels have been substituted for the belts 
and pulleys a device which does away with the necessity of giving any 
attention to the belts, though it creates some noise when runmng 

Dr Haldane states in his Methods oj Gas Analysis that when the air 
has been driven over into the pyrogallate pipette once or twice nearly 
all of the oxygen ■will have been absorbed My own experience is that 
about a quarter of an hour is needed for its absolutely complete absorp- 
tion In a senes of analyses the contmuous handhng of the levelling 
tube IS very tmng and when a number of these are to be undertaken m 
one day there may be a tendency to shorten the process at the expense 
of the accuracy of the results It is claimed therefore that the employ- 
ment of a mechamcal means of promotmg the absorption of oxygen not 
only reduces the fatigue incurred by an exceedingly monotonous pro- 
cedure, but in an indirect way lessens the errors of gas analysis 


Factors Influencing the foetal respiratory centre 

By A St G Huggett 

The ammals expenmented on were the feetuses of goats The mother, 
14-30 days before full-term, was anaesthetised by urethane and et er 
and immersed m a bath of sabne at 38° C where Cmsarean section was 
performed The feetuses were removed from each horn ^ ® 
separately, the placenta being left mtact The foetus vos an e 
little as possible and kept uumersed in warm saline with its snou a way 
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telow Tvater In this waj the stimulus to respiration was mimmal and 
DO gases were exchanged ma the respiratory tract The result was a 
condition approximating to that in vtero, but allowing of expenmental 
work on the animal 

Clean skm mcisions with a scalpel produce no respiratory move- 
Dients, foetal apnoea bemg constant No evidence was found at any time 
to support the new of Ahlf eld, that feeble respiratory movements take 
place in vtero normally 

Cutting of one vagus produced no effect on respiration or heart-beat 
Stimulation of the central or cut vagus with a tetanismg current produced 
DO effect, but stimulation of the penpheral end caused slowing of the 
heart after a latent period of 2 seconds 

*^Dtting nght sciatic nerve caused no respiratory movements but did 
cause muscular movements both reflex and direct Stimulation of the 
central end caused reflex muscular movements and also imtiated slow 
Respiratory movements of the thorax, lastmg as long as the nerve stimu- 
ation lasted, but stopping with it 

Stimulation of the central end of the vagus while these respurations 
De to sciatic stimulation were occurring, caused these inspirations to 
ecome slow Thev qmckened agam on removal of the vagal stimulus, 
fhe sciatic stimulus contmumg the whole time 

It seems, therefore, that the foetal respiratory centre has a normal 
Dt sluggish response to nerve rtimuh which affect the adult centre 
That 13 to say, it has a high threshold value for n^rve stimuh This lack 
ol response to stimuli is not due to cerebral mhibitory impulses, because 
ccerebration has no effect on fce'^al apnma, and after decerebration the 
lespuatoiy centre sffll responds to the abo' e stimulu 

Qamping the umbdicnl cord inrUa-ed slow respiranons -^hich ceased 
removal of the clamp 

Injection oi 1 c c of 1 p c lacyc aoxd intra'-cnoosly had no action on 
- Qmeri5=ir^ xesp-ra'^ory bv+ ca'x-‘=-d a slowing of the heart 

Inj'^on of Ice of I p c d acA-^oace^a^e caused respiratorv 
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^ , i- ana , 5 -econci ‘li -ipneea ^up^r* ened again, 

- "^11 *-‘^’'cfor^ produce a s'miLar ra-ol- to that 

m. *'=• ac" — ’ *ae last.- 

centre lj-j= a inertia 

'g "o normal am - 


p-e- 

rm- 


V 




or i**" 




strong, 
due to =ome 




d~ 



PROCEEDINGS 

OF THE 

PHYSIOLOGICAL SOCIETY, 

June 5, 1926 

Experiments on the degeneration of striated muscle fibres 
after sympathetic denervation By W Peldbehg, Berlin 

In the course of some experiments on the ear-vessels it was necessary 
to remove the superior cervical ganghon m several rabbits and to wait 
some time for degeneration of the sympathetic nerve fibres The late 
Prof Langley therefore suggested that I should examme simulta- 
neously some of the ear-muscles to see if I could find histologically the 
signs of degeneration descnbed by Hunter and RoyleP) Hunter(i) 
put forward the view that the individual muscle fibre was not doubly 
innervated, but that some of them have a sympathetic and others a 
somatic innervation In support of this view he quoted the results of 
Kulchitzky, who found that (m the snake) the medullated and non- 
medullated fibres do not temunate in the same muscle fibres Royle 
exammed histologically the muscles of the hind bmbs of the goat, on 
one side the lumbar sympathetic cham was removed previously, the other 
side was used for control “The preparations from the operated side 
showed in transverse section a number of small muscle fibres which were 
in marked contrast to the fibres of average size m the same preparation, 
which were apparently normal These diminutive fibres were too numerous 
to be accounted for as the comcal or pointed termmations of normal 
muscle fibres Further, the connective tissue (endomysium) between 
the mdividual muscle fibres has mcreased m amount ” From these 
results he drew the conclusion that the diminutive fibres were muscle 
fibres normally supphed by the sympathetic 

We made experiments on 12 rabbits A fortmght to three months 
previously the supenor cervical ganglion had been removed and in two 
ammals also the ganglion stellatum of the same side We exammed 
three muscles from the antenor surface and the side of the ear, these 
should be especially fit for studies on sympathetic innervation as the\ 
play a great role m maintaming the erection of the ears The muscles 
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■were tte musculus fronto scutrulans, which, is continued by the anterior 
Ecuto auncnlans superior, the musculus temporo auxiculans and 
masillo atuiculans The fibres of the first of these muscles run m more 
obh^ue direction, so that it is difficult to get good transverse sections 
Later on, therefore, we used especially the two other very small muscles 
The same muscles of the normal side were used as control They were 
fixed m 10 p c formalm, and transverse sections m the middle of them 
were stamed m haematosylm and van Gieson 

IVe could not confirm the results of Hunter and Hoyle obtamed 
on the goat We could not find any difference m the size of parts of the 
muscle fibres between the normal and the operated side In two prepara- 
tions it seemed as if the coimective tissue between the mdividual muscle 
fibres had mcreased on the operated side, but we could not co nfir m this 
mcrease on the f oUowmg ten experiments In some experiments we made 
a drawing with the camera Incida and counted the smaller muscle fibres 
but did not obtam different results on each side 

According to Hoyle’s descnption the diminutive muscle fibres he 
together m groups We found that m the musculus temporo avmculans 
and espeaally m the maxdlo aunculans the fibres m the penpheiy of 
the operated as well as of the normal side were mostly the largest, while 
the fibres m the middle of the muscle were considerably smaller m dia- 
meter But there was no distmct difference m both sides 

At the end of our experiments the experimental and critical paper of 
Garven(2) appeared This author could not confirm the results of 
Kulchitzky He found m the panmculus camosus of the hedgeho®^ 
that aU the muscle fibres appear to be innervated by medullated nerves 
and that m some cases a medullated and non-meduUated (accessory) 
nerve fibre ended m the same muscle fibre Our results show at least 
that the observations of Hunter and Hoyle cannot be regarded as true 
for all muscles without further expenmental emdence 

EEFERENCES 

( 1 ) J L Hunter Bnt. Med. Joum, Jan. 31, 200 1923 

(2) H S H Garven. Bram, 48 380 1925 


The sources of energy in ontogenesis By Joseph Needham 

There u mueh erjdenee m the hleretM, o£ embijomc metebobsm 
rrhich goes to shote that drmiig its development, the embivo makes nee 
ol loodstuS. aa ene^-aource. m the order carbohydrates, protem fat 
In order to develop thr. conception, erpemnents have been Lde 1 the 
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chick embryo m which various substances have been estimated during 
its mcubation penod 

It has been found that there is a penod of mtensive urea production 
from the fifth to the nmth day After that pomt the ezcretion of urea 
no longer keeps pace with the growth and differentiation of the embiyo 
There is an exactly similar period of mtensive line acid production 
between the seventh and the eleventh days, so that the pomt of maxnnum 
mtensity of unc acid production occurs two days later than the pomt of 
maximum mtensity m the production of urea The adult hen excretes 
about 95 p c of its mtrogenous waste m the form of unc acid, and this 
condition is reached m the developmg embryo about the nmth day 
Before then urea greatly predominates m the excretion of mtrogen 

From the figures for unc acid and urea, the protem combusted each 
day was calculated The pomt of maximum mtensity m the combustion 
of protem is attamed at 8 6 days of development, and this is very signi- 
ficant because the combustion of carbohydrate is associated with the 
first five days, and that of fat with the last ten Companson with the 
data obtamed by eadier workers leads to the conclusion that the protem 
used as a source of energy belongs entirely to the coagulable fraction 
The total protem mtrogen lost durmg development by combustion 
amounts to 7 6 p c of the total protein mtrogen present at the begmnmg, 
and to 3 p c of the total foodstuff burnt These figures compare m a very 
mterestmg way with others obtamed for other species of ammals by 
earber observers It has also been possible to calculate from the results 
of purely chemical analyses the respiratory quotient, and this agrees as 
well as can be expected at present with the expenmentally determmed 
respiratory quotients of Bohr and Hasselbalch and of Lussanna 

Injection experiments and other considerations lead to the con- 
clusion that factors located m the embryo decide what the embryo shall 
make use of as a source of energy It does not, for example, combust 
fat because its protem supply has been exhausted 


The polanscoplo appearamce of colourless ''crystals” 
of hsemoglobin By D Feasek Haebis 

Through the kmdness ofSirWiIliamBragg and his assistant Mr W T 
Astbury of the Davy-Faraday Laboratory,! am enabled to report on the 
appearance of the colourless “crystals” of heemoglobm of the gumea-pig 
described at the meetmg on February 20th, 1926 Viewed m the field o 
the “ crossed mcols,” they appear uniformly dark as the mcols are rotate 
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Such of the coloured tetraliedra as tave remained sufficiently trans- 
parent to transmit some light, appear distinctly altliough not brilliantly 
doubly refractiTe or birefnngent 

The true tetrahedra of the “cubic” class of crystals are normally 
sii^y refractive, but such crystals if stramed may develop the property 
of double refraction 

If the precursors of the vhite forms were at any time birefnngent they 
bare now lost this property These white angular masses are most 
prohahly “pseudo-morphs,” that is they axe masses of powder either 
sucrocrystalhne or truly amorphous, representmg the protem basis of 
the ongmal hsemoglobm crystal, which have retamed the external form 
and angles of the tetrahedron There is ]ust a possihihty that the white 
tetrahedra are still smgle crystals jnst as the ongmal, hub are now isotropic 
(cubic) instead of birefnngent — althongh this is not at all probable 


The effect of glyceric aldehyde and dihydroxyacetone on 
insulin hypogiycsmia By H G Beeves and J A. Hewitt 

The mechanism mvolved m the degradation of glucose, m the animal, 
^h the ultimate production of carbon dioxide and water, still remains 
open to considerable discussiom That lactic acid is an mtermediate 
product m this biological oxidation is now fairly certam, but what the 
precursor of lactic acid is awaits convmcing proof 

Accumulated evidence justifies the assumption that at least two 
^ stances, viz gljcenc aldehyde and dihydrozyacetone, may mtervene 
between glucose and lactic aci'i 

Babina) has stres=^ the po-sibihry of the existence of a labile 
ennediate and the present authors cjj ha^e proved that mild alkabmty 
causes glycenc aldehyde and abo dih"droryacetone to give nse to an 
onstahle enoh The rela'yonshrp= niaj b° expressed 


Glyceric aldehyde enol dihvdrox^acetone 

d ^ anslogoU' to the familiar int'^rcon^ersion of gineose 

00 close m tnc. Leiory d® Ernyn traji-forma-Uon, and furthermore 

c mitz'3) has prepared from a^d'^h-de, c-s/uo'-e, an inactive 

lorm of rrcwo^ 


On the^ con-c'^ra'" on- w 
ood dihydrozyace^oise r-or'’d be * 

Settle mfrr— 5- r-r ^ , 

two £ur/yaro=- i- , 

rabhiti ' 


ed nrobar/e ^ycenc ald'^iyde 
in body and that 
n, ai-^id; of ■^h<“ <^53''i<^nr-y of thes^ 
■- brT-Jj m niice and 
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The ammals were rendered hypoglycsemic and the typical symptoms 
developed Then by subcutaneous injection the efficiency or otherwise 
of the glyceric aldehyde or the dihydroxyacetone was ascertained. In 
each case control experiments were conducted and where necessary 
glucose was admmistered 

Glycenc aldehyde displayed no beneficial action m either mice or 
rabbits even when given m large doses With mice, very exceptionally, 
a slight transitory recovery was observed but relapse always ensued and 
recourse had to be made to glucose This transitory improvement was 
not noted m rabbits On the other hand, dihydroxyacetone on similar 
ammals immediately allayed the hypoglycaennc symptoms and was m 
every way as efficient as glucose Thus m imce and rabbits hypoglycaemia 
IS relieved by dihydroxyacetone but not by glycenc aldehyde and it is 
clear that the hypoglycffimic rodent cannot effect the conversion of the 
aldehyde into its isomenc ketone 

Apart from remarkmg that dihydroxyacetone is a possible inter- 
mediate in carbohydrate metabohsm it is difficult to offer a satis- 
factory explanation of the above results However, the followmg 
suggestions seem not unreasonable, viz that whether the convulsions 
be relieved by the glucose itself or by some derivative thereof, then 
dihydroxyacetone is capable, m the body, of bemg converted into this 
substance and that glycenc aldehyde cannot be thus transformed 

REFERENCES 

(1) Dakin “Oxidations and Reductions m the Animal Body ” 1922 

(2) Hewitt and Reeves Communication to Bioohem Soo , Nov 19th 1926 

(3) Schmitz Ber 46 2327 1913 


The action of light on cod-liver oil 

By P R Peacock and S Wright 


Normal cod-hver oil fluoresces bnghtly m a beam of ultra-violet 
rays from which the visible spectrum has been excluded by means o 

Wood’s glass , j u f „n 

This fluorescence is, as usual, associated with marked absorp i 

of the ultra-violet spectrum 

H such oil is exposed to bnght light, the fluorescence progressively 


The length of exposure required depends on the mtensity of the light 
source and on the thickness of the layer of oil employed 
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Tbs efiect has been termed “delumxnation” and corresponds with 
proportionate increase in the transmission spectrum of the oil 

Whereas normal cod-liver oil absorbs the whole ultra-violet spectrum, 
the delninmated oil transmits up to the limit of the sun’s spectrum 
(3100 1 Tj ) 

Normal cod-bver od, as shown by Rosenheim and Drummond, 
gives an nltramarme colour with arsemc chloride, which has been 
correlated by these workers with the presence of vitamin A 

Od which has previously given this reaction, after irradiation, fails 
to do so 

It appears, therefore, that the vitamm A m cod-hver oil is destroyed 
I>y exposure to hght 

bnimal experiments are m progress with the object of con fi r min g 
tbs view 

Erpemnental evidence suggests that there is more than one fluores- 
cent body present m cod-hver oil, and that vitamm A may be identical 
■''Tth one of these 

Tnll techmcal detafls wfll be given m another pubhcation 


ADDENDtril 

A prehnunary senes of feedmg expenments on young rats gave the 
ohowing results The control animals fed on the usual basal ration 
plus 2 % normal cod hver oil mcreased m average weight from 43 g to 
® S st the end of 60 days, or a percentage mcrease of 175 % Ammals 
^ on the same basal diet to which 2 % delummated oil had been 
ued grew more slowly and had mcreased m average weight m 46 days 
® 42 g to 92 g The weight then began to fall gradually and on the 
^^eth day was only 85 g Defimte xerophthalmia was then shown by 
these ammals and their general condition was poor Normal cod 


was substituted for the delummated material The eye 


tion was greatly improved at the end of 4 days and the animals 
^Creased m weight to 98 g The feedmg expenments thus confirm the 
^ ng that Vitamm A m cod hver oil is destroyed by sunlight 


The isolation of secretin By J Mellanby 
{Prdtmtnary communication ) 

formed ^ based on three facts (1) secretm is present m a pre- 

(2) sec ^ f'li® mucous membrane of the small mtestme, 

alcoTT^*^ extracted from the mucous membrane by absolute 

ble salt^^ secretm is absorbed from solution by 
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The mucous membrane from the duodenum is ground up with four 
volumes of absolute alcohol and filtered The alcohol is distdled from the 
filtrate (in vacuo) until it becomes opalescent The residual flmd is now 
diluted with two volumes of water and shghtly acidified A variable 
but often fairly heavy precipitate is produced Flocculation of this 
precipitate is assisted by the addition of magnesium sulphate to the extent 
of 1 p c to the solution This precipitate contains only a trace of secre- 
tm and may be removed by filtration or centnfugahsation A solution 
of bile salt or sodium cholate is added to the extent of 2 p c to the 
clear flmd The bde salt, bemg precipitated m acid solution, absorbs the 
whole of the secretm The precipitate consisting mainly of bile salt 
and secretm is obtamed as a compact mass by spmnmg m a centnfuge 
and washed with acetone and ether The product is punfied by dissolvmg 
in a minimal quantity of 80 p c alcohol and reprecipitatmg the secretm 
from this solution by the addition of an equal volume of acetone The 
activity of the final product is such that 03 mgm mjected intravenously 
mto a cat caused the secretion of 3 c o of pancreatic juice Secretm is 
probably a polypeptide It is readily soluble m water and this solution 
gives a famt biuret reaction and a well-marked Pauly reaction Smce 
MiUon’s test is negative this probably mdicates that secretm contams 
histidme or some derivative of it It is very rapidly destroyed by pepsm 
and trypsm Heating to 100° C with NaOH ( 1 N) for five mmutes 
destroys it , similar heatmg with HCI ( 1 A) destroys 60 p c of it Pure 
secretm has no effect on the blood sugar of a rabbit Therefore its action 
IS limited to the external secretion of the pancreas It has no depressant 
action on arterial blood pressure 




